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To  the  RIGHT  WORSHIPFUL 

Francis  Forfter ,  Efq;  Mayor , 

To  the  WORSHIPFUL 

r 

The  RECORDER  and  ALDERMEN, 

And  to  the 

Sheriff  and  Common-Council 

Of  the  TOWN  and  COUNTY  .of 

.  Newcafile  upon  Tyne. 

Gentlemen,  ; 

AS  in  chearful  obedience  to  your 
commands,  I  went  through  moil 
of  the  experiments,  which  are  faith¬ 
fully 


DEDICATION. 

fully  related  in  the  following  treatife ;  I 
beg  leave  to  fubmit  it  to  your  candid 
judgement,  and  to  lay  it  under  your 
protection. 

Allow  me  at  the  fame  time  to  ac¬ 
knowledge  my  grateful  fenle  of  the  di- 
flino-uilhed  honour,  which  I  have  re- 
ceived,  in  being  appointed  to  any  in- 
ftrumental  (hare  in  your  watchful  Con¬ 
cern  for  the  true  interefts  of  this  place. 


How  I  have  acquitted  myfelf  in  this 
honourable  employment,  my  private 
letters  have  already  {hewn  to  you ;  and 
the  following  {beets  will  declare  to  the 
public, who  are  moil  materially  concern¬ 
ed  in  the  refult. 


1  can  however  with  great  confidence 
aSert,  that,  divefted  of  prejudice  and 


.  ,f; .  M  f  t  X 
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unbiased  by  intereft,  my  foie  aim  has 
been  the  inveftigation  of  truth  ;  and 
that  I  have  not  intentionally  either 
concealed  or  mifreprefented  any  thing. 

Some  people  indeed,  who  would  cir- 
cumferibe  the  truth  by  their  own  nar¬ 
row  underftandings,  fubject  it  to  their 
private  views  and  interefts,  or  pervert 
it  according  to  the  fuggeftions  of  ma¬ 
lice  or  envy,  I  may  have  offended  : 
The  cenfures  of  fuch  I  fhall  ever  glory 
in ;  and  fhall  efteem  it  an  honour  to  be 
found  direftly  oppofite  to  thofe  men, 
who  have  publickly  infulted  the  wor¬ 
thy  chief  magiftrate  of  Neivcafile ;  and 
falfely  afcribed  his  benevolent  care  for 
the  public  to  ignoble  motives. 

Convinced,  Gentlemen,  that,  in  your 
defence  of  the  public  welfare,  you  will 


ever 


t 


D  ED  I  C  ATI  O  N. 

ever  triumph  over  all  oppofition ;  if  my 
endeavours,  which  have  already  been 
honoured  by  the  fanction  of  your  ap¬ 
pointment,  fhould  finally  meet  with 
your  approbation,  I  fhall  be  gratified 
in  the  higheft  ambition  of, 

Gentlemen, 

Tour  moft  obedient , 

i  _  .. 

And  moft  faithful  Servant, 


J.  ROTHERAM. 
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Philosophical  Inquiry,  efc. 


?’)5'('s,  II E  properties  and  effects  of  Water 
^  T  &  are  matters  of  great  and  general  im- 
&.}*&{ M  portance.  Whether  we  confider  this 
fubje<5l  in  a  philofophical,  a  medical,  or  cecono- 
mical  view,  we  find  ourfelves  deeply  interefted 
in  the  inquiry. 

That  very  able  phyfician  and  philofopher 
Hoffman ,  fays,  *  “  That  as  Water  is  pro¬ 
perly  reckoned  by  philofophers  among#  the 
elements  ;  fo  its  extenfive  ufe  appears  through 
all  the  works  of  nature.  For,  Water  is  that 
univerfal  folvent  which  divides  and  tears  in 
pieces  the  folid  parts  of  every  kind  \  imbibes 
and  carries  them  away  with  itfelf.  From 

A  *  hence 

♦  Obfcrvat.  Pbyfico.  Chemic.  lib.  II.  obf.  7. 
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Hence  we  are  furnifhcd  with  a  caufe  for  the  va¬ 
rious  changes  in  nature;  for  without  Water, 
no  fertility,  nutrition,  nor  increafe  can  take  place 
in  the  regions  of  nature.  Without  Water,  no 
animal  lives,  no  circulation  of  the  blood  and 
humours  in  the  veffels,  no  fecretion,  nor  ex- 

a.  . *  .  •  » 

cretion  of  what  is  ufelefs  can  be  effefted.  -  ~  If 
folid  bodies,  as  metals,  minerals,  or  hones,  are 
to  be  diffolved,  the  help  of  Water  is  neceffary. 
We  fee  no  putrefaction,  nor  corruption,  without 
moifture;  nor  can  remedies  operate  upon  human 
bodies ;  nor  fluids  act  upon  folids,  but  by  means 
of  Water.  Our  dry  and  folid  food,  without  fluids, 
would  be  deprived  of  all  its  ufe  and  benefit.” 

The  part  which  this  fluid  bears  in  every  pur- 
pofe  or  employment  of  our  lives ;  not  only  in 
theTeveral  trades  and  manufactures,  but  in  the 
dreffing  our  food,  in  the  cloaths  we  wear,  in 
the  air  we  breathe,  and  in  all  our  animal  operati¬ 
ons,  renders  it  of  common,  of  univerfal  im¬ 
portance  ;  and  effentially  neceffary  to  our  eafe 
and  convenience,  to  our  health  and  our  lives. 

Intending  to  confine  this  inquiry  chiefly  to 
thofe  Waters  which  are  mo  ft  commonly  in  ufe  ; 
and  to  fuch  as  are  moft  fit  for  fupplying  large 

towns 
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towns ;  I  iliail  enter  no  farther  into  the  general 
or  particular  properties  of  fluids,  than  this  part 
of  the  fubjeft  naturally  leads  me  to.  Nor  do  I 
mean  to  addrefs  it  to  philofophcrs  and  phyfi- 
cians  only ;  but  hope  to  render  it  of  more  ge¬ 
neral  ufe,  by  adapting  it  to  every  capacity,  and 
conducting  my  experiments  and^obfervatioiis  in 
fuch  a  manner,  that  every  perfon  of  common 
underftanding  may  be  enabled  to  judge  of  their 
propriety,  and  determine  for  himfelf ;  without 
the  neceflity  of  having  recourfe  to  the  many 
large  volumes  which  have  been  written  upon 
the  fubject,  by  the  greateft  men  of  aim  oft  every 
age:  feveral  of  which  are  but  in  the  hands  of  a 

O  ' 

few,  and  in  languages  which  are  not  univerfally 
underftood.  I  hope  likewife  to  relate  the  ex¬ 
periments  in  fuch  a  manner,  that  any  gentle¬ 
man,  who  has  leifure  or  inclination,  may  try 
all  or  any  of  them  for  his  own  fa  tis  faction  : 
Indeed  fome  of  them  are  rather  tedious ;  but 
others,  which  will  often  fhew  what  Water 
is  fit  for  general  ufe,  may  be  tried  without  trou- 
ble*  expence,  or  inconvenience.  And  yet  I  hope 
that  even  my  learned  reader  will  meet  with  fome 

few 
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few  improvements  which  will  not  be  difagreo 
able  to  him. 

My  experiments  are  chiefly  confined  to  the 
Waters  in  this  neighbourhood,  of  which  we  have 
a  great  variety;  and  as  feveral  of  them  are  fimilar 
to  thofe  in  other  places,  thefe  experiments  may 
be  of  more  than  local  utility;  and  therefore  I 
fhall  relate  fome  of  them  very  fully,  with  the 
particular  circum fiances  attending  them. 
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Of  Water  in  general. 

r  H AT  Water  is  the  fitted: for  general  ufe, 
X  which  is  the  purefl,  and  raoft  free  from 
all  heterogeneous  particles,  or  unmixed  with  any 
foreign  fubftance,  whether  of  the  animal,  ve¬ 
getable,  or  mineral  kind.  An  abfolutely  pure 
and  unmixed  elementary  Water  we  can  indeed 
fcarcely  procure ;  for  whatever  bodies  it  meets 
with,it  will  generally  carry  fome  particles  of  them 
along  with  it ;  and  more  efpecially  if  it  come  into 
contact  with  any  of  thofe  falts,  which  are 
plentifully  difperfed  through  the  animal,  ve¬ 
getable,  and  mineral  kingdoms ;  even  in  paf- 

fing 
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ting  through  the  air,  it  will  attract  feme  par¬ 
ticles  which  change  its  property;  and  what¬ 
ever  veffels  we  keep  it  in,  we  generally  find  a 
fcnfible  change.  We  mud  therefore  be  con- 
tent  with  that  which  contains  the  feweft  of 
chefe  heterogeneous  parts,  and  thofe  of  the  mod 
inoffennve  kind,  /.  e.  fuch  as  give  the  lead  hin- 
derance  or  didurbance  to  its  natural  operations ; 
more  efpecially  inch  as  may  be  injurious  to  the 
animal  body,  or  work  any  change  in  the  hu¬ 
man  conditution.  This,  in  fupp lying  large 
towns,  is  a  confederation  of  great  importance  ; 
for  thefe  fubdances  are  often  fo  fmail  in  quan¬ 
tity,  that  they  operate  by  flow  and  impercepti¬ 
ble  degrees,*  and  their  eifefls,  by  this  means, 
may  often  efcape  the  nice  A  obfervation  ;  yet, 
by  long  and  condant  perfeverance,they  may  be¬ 
come  very  prejudicial,  if  not  definitive. 

Non  vl  fed  fispe  caclendo 
(juita  cavat  l a  ft  deni. 

That  great  Philofopher  and  friend  to  man¬ 
kind,  the  excellent  Mr  Boyle ,  found  fuch  a  va¬ 
riety  of  different  minerals,  and  forne  of  them 
very  mifchjevous  ones,  to  lurk  imperceptibly 

in 

*  See.  Dr  Perciva!  on  the  Waters  pf  Mancbefler. 
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in  different  Waters ;  that  he  fays,  it  is  only  by 
long  experience  and  obfervation  that  wc  can  be 
fatisfied  of  their  falubrity  :  And  thofe  who  are 
lefs  acquainted  with  the  works  of  nature,  than 
he  was,  will  readily  allow  that  there  are  minu¬ 
tiae  which  elude  our  ftrldleft  fearch,  and  fhould 
teach  us  not  to  be  too  hafty,  nor  too  peremptory 
in  our  conclufions.  Even  poifons,  of  the  mod 
pernicious  kind,  have  been  known  by  experience 
to  be  contained  in  mineral  Waters,  which  were 
j^et  fo  fubtile,  that  the  nicefl  chemical  analyfis 
could  not  difcover  them  ;*  we  ought  therefore 
to  have  fomething  more  to  depend  upon,  before 
we  pronounce  any  particular  Water  falutary. 

But  there  are  fevcral  Waters  which  fhew  their 
properties  by  manifeft  figns ;  there  are  like  wife 
criteria  by  which  we  can  often  form  a  tolera¬ 
ble  judgment  of  their  comparative  purity  ;  and 
feveral  good  rules  are  laid  down  by  naturalifls, 
to  form  this  judgment,  with  as  much  certainty 
and  precision,  as  the  nature  of  the  fubjeff  and 
our  limited  comprehenfions  will  allow. 

The  firfl  and  one  of  the  moil  obvious  proper¬ 
ties  is  its  fluidity  ;  that  its  parts  may  be  feparated 

with 

#  Vid.  Hoffman  tie  venenis. 
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with  the  lead:  known  force,  and  eafily  move 
amongfr  one  another.  It  is  needlefs  here  to  en¬ 
ter  upon  a  philofophical  difqulfition  on  fluidity, 
or  to  confider  upon  what  form,  fituation,  or 
difpofition  of  particles  this  property  depends. 
We  know  that  the  pureft  Waters  yield  to  the 
lead  force,  and  allow  folid  bodies  to  move  in 
them  with  the  lead  refldance.  And  from  hence? 
if  we  obferve  any  tenacity  or  clamminefs,  we 
judge  that  its  parts  are  held  together  by  feme 
intervening  fubdance,  and  that  fomething  be- 
fldes  Water  is  contained  in  it.  This  tenacity 
may  often  be  difeovered  by  moving  the  hand 
or  any  other  body  in  it ;  by  pouring  it  out  of 
one  veffel  into  another,  or  by  obferving  the 
drops  whether  they  are  round  and  fmall,  or  large 
and  pointed. 

It  is  a  long  edablifhed  obfervation,  that  the 
bed  Waters  boil  and  cool  again  the  fooned  ;  and 
that  they  evaporate  in  the  lead  time,  and  with 
the  lead  degree  of  heat.  Thcfe  effects  are  un¬ 
doubtedly  owing,  in  fome  meafure,  to  their  more 
perfect  fluidity,  by  which  their  parts  are  more 
eafily  feparated  and  carried  off. 

Another  appearance  in  the  bed  Waters  may 

partly 
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partly  arife  from  the  fame  caufe ;  and  that  is  their 
fparkling  in  a  glafs,  and  forming  a  number  of  air 
bubbles  on  the  fldes  of  the  vellels  which  contain 
them.  All  Water  contains  a  large  quantity  of  air, 
or  feme  fubtile  elaftic  fluid  ;  and  when  the  p ref- 
fur  e  of  the  atmofphere  is  taken  off  from  the  fur- 
face,  or  confiderably  diminished,  fo  as  to  destroy 
the  equilibrium,  this  fluid  will  expand,  and  come 
out  in  very  great  quantities ;  rifing  in  bubbles 
from  the  bottom  of  the  glafs,  and  from  every 
part  of  the  Water,  and  increafmg  in  their  afeent  ; 
as  appears  very  evidently  and  beautifully,  by 
putting  a  tall  glafs  of  water  under  a  receiver,  on 
the  air  pump ;  and  by  placing  two  or  more 
glaffes  of  different  W ater,  at  the  fame  time,  we 
often  fee  a  different  effect,  and  compare  one 
with  another.*  If  the  parts  of  the  Water  ad¬ 
here  together  with  any  perceptible  tenacity, 
they  will  not  fo  eafiiy  give  way  for  the  expan- 
fion  of  this  fluid ;  and  confequently  when  fuch 
Water  is  under  an  exhaufted  receiver,  the  bub¬ 
bles  will  neither  be  fo  many  nor  fo  large.  And 
make  the  Water  a  little  ropy  with  linfecd, 
mar  Aim  allow  root,  gum  arable,  or  any  other 

mu' 

*  Hof  man  de  element,  aq.  min.  refte  dijudic. 
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mucilage,  and  we  (hail  fcarce  fee  one  bubble, 
though  we  exhauft  the  receiver  as  perfe6ily  as 
we  can. 

I  would  not  be  underhood  to  affert  that  thefe 
appearances  depend  wholly  upon  the  degrees  of 
fluidity  or  tenacity  ;  for  Hoffman*  Mr  Boyle 
and  many  others  have  maintained,  that  there  is 
a  fubtile  astherial  fpirit  in  Water,  which  mani- 
feds  itfclf  in  thefe  bubbles :  Be  it  fo,  hill  our 
reafoning  holds  good ;  for  any  vifeidity  or  ftrong 
adhefion  of  parts,  will  fflll  prevent  the  rifing  and 
feparating  of  this  fpirit.  Some  Waters  do  in¬ 
deed  contain  a  very  large  quantity  of  fuch  a 
fpirit ;  the  pyrmont  particularly  will  fparkle  in 
the  glafs,  and  fly  like  champaign  ;  but  this  can¬ 
not  be  a  mark  of  its  purity,  but  is  rather  a  proof 
of  a  large  mixture  of  fome  particular  body  in 
it ;  and  accordingly  we  find  from  the  propom 
tion  of  its  contents,  that  it  is  very  far  from  afim- 
ple  Water ;  for,  upon  evaporation,  it  leaves 
fometimes  near  twenty  grains  of  refiduum  to  a 
pint.f  But  there  are  feveral  Waters,  as  will  be 
feen  in  the  fequel,  which  leave  fcarcely  a  twen¬ 
tieth  part  of  this  quantity,  and  consequently 

approach  much  nearer  to  a  ftate  of  purity. 

B  "  An- 

1'  Rutty's  Synopf.  p.  31J. 
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Another  circumftance  which  greatly  varies 
this  appearance  is  the  warmth  or  coldncfs  of 
the  Water.  All  elaftic  fluids  which  we  know 
are  condenfed  by  cold,  and  rarefied  by  heat ; 
confequently  if  Water  taken  dire<5tly  out  of 
a  well,  or  brought  from  a  cool  cellar,  be  cold¬ 
er  than  the  circumambient  air,  the  fuperior 
warmth  of  the  air  wTill  expand  thefe  elaftic parts, 
which  were  before  in  a  compreffed  hate,  and 
they  will  form  into  numbers  of  thefe  little  round 
bubbles.  And  when  they  are  urged  by  a  boil¬ 
ing  heat,  the  whole  body  of  the  Water  is  turn¬ 
ed  into  an  elaftic  fteam  and  flies  off,  excepting 
a  fmali  proportion  of  earth  or  falts  that  remain 
*n  the  refiduum. 

Upon  an  attentive  perufal  of  what  Hoffman 
writes  upon  this  point,  I  am  afraid,  that  great 
man  made  his  conclufion  a  little  too  general ; 
for  though  feveral  of  the  beft  waters,  and  ef- 
pecially  the  medicated  ones,  contain  a  large 
fhare  of  this  elaftic  fpirit,  it  will  by  no  means 
follow  that  all  Waters  which  abound  with  it  are 
therefore  wholefome  ;  for  there  may  be,  for 
any  thing  we  know,  as  great  a  variety  in  the 
qualities  of  thefe  fpirits,  as  in  thofe  of  the  fix¬ 
ed 
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ed  parts ;  the  effluvia  or  volatile  parts  of  fome 
Waters  are  found  to  be  extremely  noxious,  and  a 
ftrongpoifonmay  fparkle  in  the  glafs.  However 
we  may  fafely  conclude  that  the  Water,  which 
exhibits  nothing  of  this  appearance,  is  either 
originally  foul,  or  has  been  ill  kept,  and  will 
never  be  agreeable  to  the  tafte  ;  which  leads 
me  to  another  obvious  teft  of  the  purity  of 
Water,  viz. 

That  it  be  entirely  free  from  any  particular 
tafte  or  fmell,  that  it  be  perfectly  infipid,  other- 
wife  we  may  fafely  conclude  that  it  is  impure- 

It  ought  likewife  to  be  perfectly  limpid,  bright 
and  tranfparent.  Indeed  feveral  good  Waters, 
and  efpecially  the  river  ones,  will  be  muddy 
and  opake,  as  will  be  obferved  afterwards ;  but 
this  can  fcarcely  be  called  an  imperfection,  if 
they  fubfide  and  become  clear  upon  ftanding  ; 
but  whatever  Water  Ihews  any  particular  colour 
is  certainly  impure. 


Of 
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Of  the  specific  Gravity  of  Water. 

ANOTHER  teft  of  the  purity  of  Water, 
much  infilled  on,  both  by  the  ancients  and 
moderns,  is  its  lightnefs.  But  though  the  pureft 
Waters  may  very  often  be,  and  perhaps  generally 
are,  the  lighted;  yet  the  fpecific  gravity  is  not  al¬ 
ways  a  certain  rule  to  judge  by  ;  for  the  contents 
of  impure  Waters  differ  much,  in  fpecific  gra¬ 
vity,  amongd  themfelves.  Several  of  the  ve¬ 
getable  fubdances  will  fcarcely  increafe  the 
weight  of  the  Water  in  which  they  are  infufed  ; 
the  mineral  ones  indeed  generally  do,  but  not 
all  in  the  fame  proportion ;  for  feme  of  the  falts 
differ  from  one  another,  in  fpecific  gravity,  more 
than  one  third  ;  and  therefore  the  fame  quanti¬ 
ty  of  each  cannot  make  an  equal  alteration  in 
the  fpecific  gravity  of  Water.  For  indance, 
take  an  ounce  of  good  alcaline  fait,  and  the 
fame  quantity  of  purified  nitre,  and  diffolve 
them  in  equal  quantities  of  didiiled  Water  ; 
you’ll  find  the  two  Waters  of  very  different 
fpecific  gravities,  though  the  quantity  of  the  con¬ 
tents  be  the  fame  in  each**  Many  of  the  mi¬ 
neral 

*  It  is  evident  from  hence,  that  a  late  Author  either  knew 

or  conGdered  very  little  of  thedoftrine  of  fpecific  gravity, when 

he 


Of  Water. 


*3 

neral  fubftances  do  indeed  add  coiifidera- 
bly  to  the  weight  of  thofe  Waters  which 
are  highly  impregnated  with  them  ;  but  in 
general  the  difference  of  fpecific  gravity  in  the 
Waters  in  common  ufe  is  not  fo  much  as  many 
people  imagine.  Herodotus  indeed  tells  us  of 
Water  that  was  fo  light  that  neither  wood, 
nor  even  lighter  bodies,  would  fwim  in  it. 

O 

» 

Though  Boerhaave  accounts  for  this  from  the 
weight  of  the  wood,  as  lignum  \kx  and 
feveral  of  the  heavier  woods  will  fink  in  our 
common  Waters ;  yet  Herodotus  evidently 
means  to  prove  from  this,  that  the  Ethiopian 
Waters  were  much  lighter  than  common ;  and 
reprefents  to  us  that  fome  of  the  lighted  bodies 
would  fink  in  them  ;  which  feems  fcarcely  cre¬ 
dible,  as  a  piece  of  dry  oak  will  fwim  in  proof 
fpirit. 

Mr  Boyle  tells  us  *  that  he  had  heard  of 

/ 

the  Water  of  the  Ganges  being  lighter  than  ours 
by  a  fifth  part;  but  in  this  report  lie  muff  have 

been 

lie  fays  in  general,  that  that  Water  is  fpecifically  the  lighted 
which  when  evaporated,  leaves  the  fmaileft  quantity  of  refi- 
duum  Experiments  made  on  the  Waters  in  NewcafUe.  p.  2» 
*  Medicine  Hydroftatica,  chap.  14 
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been  impofed  upon  ;  for  he  fays  immediately 
after,  that  “  having  had,  upon  feveral  occafions, 
the  opportunity  as  well  as  curiofity  to  examine 
the  weight  of  divers  Waters,  fome  of  them 
taken  up  in  places  very  diftant  from  one  ano¬ 
ther,  I  found  the  difference  between  their  fpeci- 
fic  gravities  far  lefs  than  almoft  any  body  would 
expert.  And  if  I  be  not  much  deceived  by 
my  memory  (which  I  mu  ft  have  recourfe  to, 
becaufe  I  have  not  by  me  the  notes  I  took  of 
thofe  trials)  the  difference  between  Waters, 
where  one  would  expe<ft  a  notable  difparity  was 
but  about  the  thoufandth  part  (and  fometimes 
perchance  very  far  lefs)  of  the  weight  of  either. 
Nor  did  I  find  any  difference  confiderable,  in 
reference  to  our  queftion,  between  the  weight 
of  divers  Waters  of  different  kinds,  as  Spring 
Water,  River  Water,  Rain  Water,  and  Snow 
Water;  though  this  laft  were  fomewhat  lighter 
than  the  reft-  And  having  had  the  curiofity 
to  procure  fome  Water  brought  into  England , 
if  I  much  mifremember  not,  from  the  river 
Ganges  itfelf ;  I  found  it  very  little  if  at  all 
lighter  than  our  common  Water." 

Profeffor  Mujfcbenbroek ,  who  has  publilhed 

the 
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the  mofl:  copious  table  of  fpecific  gravities  that 
I  have  feen,  makes  a  difference  of  rck  between 
rain  and  river  Water.  But  he  candidly  owns 
that,  in  confiruddng  his  table,  he  did  not  al¬ 
ways  attend  very  accurately  to  the  degrees  of 
heat,  which  will  in  a  great  meafure  account  for 
this  difference*.  And  I  am  afraid  that  many 
of  our  tables  of  fpecific  gravities  labour  under 
defeat. 

It  is  much  to  be  lamented  that  the  learned 
and  ingenious  Dr  Rutty  has  but  feldom  filled 
up  the  column  of  fpecific  gravities,  in  his  very 
ufeful  tables ;  and,  where  he  has  done  it,  he  has 
ufed  the  graduated  hydrometer ;  which  does  not 
determine  the  difference  in  proportion  to  the 
whole  weight. 

Though  the  fpecific  gravity  alone  will  not 
determine  either  the  quantity  or  quality  of  the 
contents  in  Water  ;  yet  it  is  often  a  good  col¬ 
lateral  proof,  and  a  confideration  worthy  the 
attention  of  the  curious  naturalift.  And  as  my 
method  is,  fo  far  as  I  know,  entirely  new, 
more  accurate  than  any  I  have  feen,  and  eafily 
put  in  pra&ice ;  I  fhall  here  give  a  particular 

deP 

*  Introduch  ad  Pbilofoph.  vol.  II.  p.536. 
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defc option  of  it ;  tliat  any  gentleman  who  chufes 
to  try  it,  may  fit  up  the  whole  apparatus  with 
very  little  trouble,  and  at  the  expence  of  only  a 
few  (hillings. 

I  take  an  oval  glafs  bubble,  the 
body  of  which  (ff)  is  about  feven 
inches  deep,  and  four  in  diameter.  I  load  it  with 
(hot  till  it  fink  in  Water  to  the  neck  at  (by 
Then  taking  it  out  of  the  Water  and  drying  it, 
I  cement  a  brafs  cap  tight  upon  the  neck,  fa 
that  no  Water  can  poffibly  get  in.  The  cap  is 
about  an  inch  and  a  quarter  in  diameter,  is 
made  rather  concave  at  the  top ;  and  has  a 
pointed  brafs  wire  of  about  an  inch  long  fol- 
dered  into  the  center  of  it.  The  whole,  thus 
fitted  up,  weighs  exactly  twenty  eight  ounces 
troy  ;  and  is  light  enough  to  fwim  in  the  light¬ 
ed  W  aters. 

Immerfing  this  in  a  jarr  of  diffilled  Water 
I  find  that  a  weight  of  .about  46  grains  will 
fink  it  till  the  point  of  the  wire  [c)  comes 
down  juft  to  the  furface  of  the  Water;  after 
which  iefs  than  y  of  a  grain  added  will  fink  it 
to  the  bottom  of  the  jarr;  or  do  taken  off  wall 
let  the  point  ri(e  very  fen  fib  !y  above  the  fur- 

face 
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face  of  the  Water.  For,  when  fb  fmall  a  part 
of  the  wire  only  emerges,  if  there  be  no  fenfible 
vifeidity  in  the  Water,  the  fmalleft  additional 
weight  will  carry  it  down. 

Now  a  quantity  of  Water,  equal  in  bulk  to 
the  whole  inftrument  and  the  weights  lying  upon 
it,  weighing  13487  grains  ;  I  can  with  certainty 
determine  the  comparative  gravity  of  any  other 
Water  to  lefs  than  tt&t?  of  the  whole  ;  which 

e  •  -  ■’ 

is  much  nearer  than  we  can  come  either  by  the 
hydroftatical  balance,  or  the  common  hydro- 

r  .  J  r 

meters.  And  it  has  this  advantage,  in  common 
with  the  hydroftatical  balance,  that  it  fhews 
the  fpecific  difference  in  aliquot  parts  of  the 
whole  weight,  which  the  common  graduated 
hydrometer  cannot  do. 

But  ftill  a  confiderable  difficulty  occurs  from 
the  expanfion  of  the  Water  by  heat,  a  fmall  de¬ 
gree  of  which  will  very  fenfibly  alter  the  Kpe- 
cific  gravity  as  ffiewn  by  this  inftrument;  I 
have  often  found  a  difference  of  fome  grains  in 
lefs  than  an  hour ;  and  no  thermometer,  which  I 

ever  faw,  is  carried  into  divifions  fmall  enough 
to  regulate  this  inftrument.  Under  this  diffi¬ 
culty  I  had  no  other  refource.  than  to  fix  my 

C  ftan- 
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f  ,  , 

ftandard  from  diftilled  Water,  every  time  I  try 
the  experiment.  I  therefore  take  a  couple  of 
jars,  and  putting  the  Water  I  want  to  try  into 
one,  and  diftilled  Water  into  the  other  ;  I  let 
them  ftand  together  for  an  hour  or  more  upon 
the  fame  table,  till  I  can  pretty  reafonably 
conclude  that  they  are  both  of  the  fame  warmth  ; 
then,  after  balancing  the  hydrometer  exactly 
in  the  diftilled  Water,  I  take  it  out  and  imme¬ 
diately  put  it  into  the  other,  by  which  I  find  the 
difference  to  a  very  great  nicety,  and  with  very 
little  trouble.  As  by  repeated  trials  I  have  fcarce 
found  any  difference  betwixt  the  fpecific  gra¬ 
vity  of  diftilled  Water  and  filtered  rain  Water, 
I  now  generally  ufe  the  latter. 

Another  precaution  is  yet  neeeffary;  and  that 
is  to  confider  the  fpecific  gravity  of  the  ad¬ 
ditional  weights  in  the  heavier  Water,  to  find 
the  weight  of  a  quantity  of  Water  equal  in  bulk 
to  them,  and  fubtraft  this  from  the  difference. 
1  make  all  my  grain  weights,  for  thefe  experi¬ 
ments,  of  brafs  wire,  of  a  proper  thicknefs,  and 
regulate  them  by  anaffaybeam;  thefe  being  more 
commodioufly  taken  up  with  a  pair  of  forceps, 

and 
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and  lying  in  lefs  room  than  the  thin  flat 
weights. 

I  have  never  ufed  this  inftrument  in  trying 
fpirits,  or  any  fluid  but  water  ;  though  it 
might  be  eafily  enough  adapted  to  any  of 
them,  by  ufing  large  Aiding  weights  to  re¬ 
move  at  pleafure.  But,  if  it  be  ufed  in  fpirits, 
the  cap  mu  ft  not  be  cemented  on  with  any  thing 
refinous,  as  the  fpirits  would  dilfolve  thecement. 

Some  of  the  Waters  in  common  ufe  will  be 
about  twenty  grains  heavier  than  rain  Water, 
by  this  inftrument ;  but  moft  of  them  differ 
only  from  one  or  two,  to  fix  or  feven  grains, 
and  generally  come  within  a  thoufandth  part 
of  the  whole  weight,  as  will  in  part  appear  by 
the  annexed  table. 
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ANOTHER,  mark  of  the  purity  of  Water 
is  its  foftnefs.  This  is  a  property  of  Wa¬ 
ter  which  claims  one  of  our  firft  and  princi¬ 
pal  regards ;  as  without  it  the  Water  would  be 
unfit  for  moft  purpofes  of  life.  This  quality, 


as 
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as  it  is  diftinguifhed  from  what  we  call  hardnef$ 
in  Water,  is  difcoverable  by  the  touch,  if  we 
only  wafli  our  hands  in  it ;  and  the  diltinftion 
between  hard  and  foft  Water  generally  arifes 
from  its  difficult  or  eafy  union  with  oily 

fubftances.  The  foft  Waters,  for  this  rea- 

'■ :  4  •  ('■  ••  .  1 

fon,  diflblve  leap  more  readily,  and  unite 
more  equally  with  it ;  whereas  the  hard  Wa¬ 
ters  will  either  not  diffolve  it  at  all,  or  very 
imperfeftly,  and  do  not  mix  equally,  but 
curdle.  Therefore  the  foft  Waters  are  molt 
proper  for  the  wafhing  of  linen,  or  any  other 
purpofe  where  foap  is  ufed  ;  they  will  require  a 
lefs  quantity  of  it,  and  perform  their  work  foon- 
er.  They  mix  more  uniformly  with  milk,  and 
do  not  curdle  it,  as  the  hard  Waters  frequently 
do.  They  boil  peafe  and  all  legumes  foft,  and 
mix  better  with  all  farinaceous  fubftances,  as 
rice,  flower,  oatmeal,  &c. 

As  moft  of  our  hard  Waters  contain  a  mine¬ 
ral  fait,  and  a  large  quantity  of  earthy  or  ftony 
particles  which  are  united  to  it,  and  thusdiftri- 
buted  through  the  Water,  and  mixed  moft  in¬ 
timately  with  it :  ££uere,  Is  there  not  a  natural 
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repulfion  between  thefe  mineral  fubftanccs  and 
the  animal  and  vegetable  oils  ?  Or  do  they  not 
rather  deftroy  or  counteract  thofe  fubftances 
which  are  the  medium  of  attraction,  or  band  of 
union  betwixt  the  water  and  thefe  oils  ;  thereby 
preventing  the  fmall  particles  of  Water  from  in- 
finuating  themfelves  into  the  pores  of  thefe 
oleaginous  fubftances  ?  And  is  it  not  from  fuch 
infinuation  and  ready  attraction  of  its  particles, 
that  foft  Water  fwells  and  foftens  all  kinds 
of  pulfe  in  the  boiling  ? 

The  foft  Waters  are,  for  the  reafons  above 
affigned,  generally  efteemed  the  beft  for  mak¬ 
ing  of  bread  ;  for  bleaching  of  linen  ;  the  mak¬ 
ing  of  paper  ;  and  for  moit  medicinal  purpofes. 
Like  wife  they  are  found  to  be  the  beft  for 
boiling  of  meat,  by  giving  it  a  more  agreeable 
colour  than  the  hard  Waters,  which  often  boil 
it  red.  But  I  fpeak  here  only  of  fuch  Waters 
as  are  ejjent  tally  foft  from  their  purity  ;  not  of 
thofe  which  are  accidentally  fo  from  the  mix¬ 
ture  of  an  alcali  or  any  other  adventitious  fub- 
ftance.  Mod:  of  the  alcalious  Waters  are  found 
to  redden  flefh  in  the  boiling ;  and,  what  is 
ftill  worfe,  to  give  it  a  very  difagreeable  foftnefs. 

!  ’  ’  .  '  ’  ’  V  There 
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There  are  notwithstanding  fome  purpofes,  to 
which  the  hard  Waters  are  adapted  ;  as  in  feve- 
ral  kinds  of  dying  ;  in -the  boiling  of  greens,  to 
which  they  give  a  better  colour ;  in  the  rinfing 
of  foap  out  of  linen,  after  it  has  been  wafhed, 
they  are  obferved  to  give  the  linen  a  better  colour, 
and  an  agreeable  firmnefs  or  crifpnefs ;  but  the 
linen  thus  treated  requires  more  foap  when  it 
comes  to  be  wafhed  again.  Hard  Water  is  like- 

wife  faid  to  be  neceffary  in  the  making  of  flare  h  ; 

> 

and  every  cook-maid  knows  its  ufe  in  the  dref* 
flng  of-fifh,  efpecially  cod,  which  it  makes  firm 
and  curdles.  It  has  been  fometimes  recom¬ 
mended  for  brewing.  The  Burton ,  Netting- 
ham ,  Liverpool ,  and  feveral  other  kinds  of  ale 
which  are  much  admired,  are  faid  to  be  brewed 
with  hard  Water.  But  Dr  Mead  and  others 
condemn  the  ufe  of  thefe  liqours  as  productive 
of  various  diforders,  and  particularly  the  colic  ; 
of  which  the  Dr  gives  a  flrong  inftance  in  the 
cafe  of  a  lady  who  was  entirely  cured  of  an  habi¬ 
tual  colic,  only  by  refraining  from  the  ufe  of 
beer  brewed  with  well  W ater  ;  and  whenever 
fhe  negle&ed  this  precaution,  her  diforder  re¬ 
lumed.  Indeed  from  what  has  been  faid  above, 

wc 
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we  cannot  reafonably  fuppofe  that  hard  Water 
fhould  fo  well  anfwer  the  purpofes  of  diluting 
and  digefting  our  food  ;  as  it  will  not  fo  readily 
mix  and  unite  with  the  different  parts  of  it,  nor 
affimilate  and  digeft  them  properly.  Befides 
the  large  quantities  of  acid  and  nitrous  falts, 
with  the  loads  of  felenite  and  calcareous  earth, 
which  thefe Waters  generally  contain,  will  natu¬ 
rally  difpofe  them  to  form  obftru<5bons,  when 
by  the  courfeof  the  circulation  thefe  folid  parti¬ 
cles  come  into  the  minuted:  velfels,  more  efpe- 
cially  thofe  of  the  glands.  Hence  they  are  of¬ 
ten  blamed  as  laying  the  foundation  of  fcrophu- 
lous,  {brumous,  and  other  glandular  dwellings 
and  obhriubions. 

The  Piedmontefe,  and  other  inhabitants  about 
th csllps^  have  long  been  obferved  to  be  peculiar¬ 
ly  fubje6l  to  thefe  kind  of  complaints ;  they  are 
taken  notice  of  by  Juvenal*  and  Pliny  ;  and 
are  attributed  to  the  ufe  of  bad  Water. 
Mr  Sharp  fays,  that  thefe  tumors  arefo  common 
about  Mount  Cents,  that  very  few,  efpecially  of 
the  women,  are  exempt  from  them.')'  It  is  like- 

wife 


*  Sat.  IX.  v.  162. 

\  Sharp's  Letters,  p.  298,  and  PerctvaP 6  Obf.  p.  4. 
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wife  from  the  large  quantity  of  ftony  matter 
which  the  hard  Waters  generally  contain,  that 
moft  of  them  leave  large  incruftations  upon  the 
fides  of  veffels  in  which  they  are  boiled ;  and 
they  have  by  fome  been  blamed,  for  this  re^- 
fonT  as  caufing  the  ftone.  But  the  calculous 
concretions  in  the  bladder  and  kidneys  are  of  a 
very  different  nature  from  thefe  incruftations ; 
and,  as  Dr  Heberden  juftly  obferves,  “  they  to¬ 
tally  differ  from  all  foffil  hones  in  every  thing, 
except  the  name  ;  and  the  pretended  experience 
of  the  effefts  of  certain  ftony  Waters,  in  breed* 
ing  the  ftone,  which  is  often  appealed  to,  may 
upon  the  beft  authorities  be  rejected  as  falfe.”* 

Though  the  ftony  incruftations  upon  the 
fides  of  veffels  and  pipes  may  be  more  frequent 
in  the  hard  Waters ;  yet,  I  cannot  think  this 
effect  wholly  peculiar  to  them,  for  it  is  remark¬ 
ably  produced  in  the  boilers  of  fome  of  our  fire 
engines,  where  the  Water  is  not  at  all  hard,  as 
I  fhall  have  occafion  to  mention  more  particu¬ 
larly  afterwards. 

And  the  Waters  at  Carolsbadt  in  Bohemia , 
which  are  known  to  be  ftrongly  alcaline,  pre- 

fently 

*  Medical  Trans,  by  the  Col.  of  Phyf.  vol.  i.  p.  7. 
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fently  form  a  remarkable  ftony  cruft  upon  any 
folid  body  that  is  put  into  them.* 
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Method  of  investigating  the  Pro¬ 
perties  of  Water. 

T  |  "'HE  celebrated  Mr  Boyle ,  and,  after  him, 
JL  many  learned  and  judicious  authors  upon 
this  fubjeft,  have  laid  down  a  multiplicity  of 
rules  for  judging  of  the  properties  and  contents 
of  Water  ;  a  few  of  which  I  have  mentioned 
already,  and  fhall  now  lay  down  finch  other 
methods  and  precautions  as  I  have  obferved  in 
making  the  following  experiments. 

After  obferving  what  appearances  are  made 
at  the  fpring  head,  and  in  the  channel  through 
which  the  water  flows ;  as  whether  any  ochre- 
ous  or  chalky  fediment  be  left  upon  the  ft  ones  ; 
whether  the  Water  has  any  film  or  fcum  at  the 
top  :  I  take  up  a  fufficient  quantity  of  it  into 
clean  well  corked  glafs  bottles,  and  fubjcdt  it 
to  as  many  of  the  following  trials  as  are  judged 
jiecefiary. 

1 .  One  of  the  moft  common  and  eafieft  me¬ 
thods  of  judging  whether  Water  contains  any 

D 

*  Phil.  Tranf.  vol.  51. 
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confiderable  mixture  of  faline  matter,  is  to  put 
a  little  of  it  into  a  clean  thin  glafs ;  and  having, 
ready  prepared,  afaturated  folution  of  the  fac- 
charum  faturni,  or  fugar  of  lead,  in  clear  Water 

let  two  or  three  drops  fall  into  the  glafs :  if  it 

« 

make  no  cloud,  milkinefs,  nor  precipitation,  we 
may  be  pretty  fare  that  the  Water  contains  no 
quantity  of  mineral  fait,  that  we  need  much  re-4 
gard  }  for  one  grain  of  fait,  of  almoftany  kind, 
put  into  a  pint  of  pure  diftilled  Water,  will  dis¬ 
cover  a  cloud  or  wheyifhnefs  upon  dropping  In 
a  little  of  this  folution,  and  upon  Handing  a  few 
hours  will  form  a  thin  cruft  upon  the  fides  of  the 
glafs.  If  there  be  any  very  considerable  quan¬ 
tity  of  acid,  alcaline  or  neutral  fait,  three  drops 
of  this  folution  will  inffantly  turn  a  wine-glafs- 
full  quite  turbid  and  milky ;  and  in  proportion  to 
the  quantity  of  the  contents,  thefe  effects  will  of¬ 
ten  vary,  fo  as  to  afford  an  opportunity  of  form¬ 
ing  fome  probable  conjecture  about  them. 

This  trial  is  fo  very  eafy  and  at  the  fame  time 
determines  fo  quickly  the  comparative  purity  of 
molt  Waters,  that  it  is  recommended  by  almoft 
every  good  author  I  have  read  upon  the  fubjech 

a.  Another  method  frequently  praftifed  is 

by 
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by  dropping  into  it  a  little  folution  of  pure  filver 
in  good  aqua-fortis.  This  trial  is  faid  by  Dr 
Rutty ,  to  be  more  touchy  than  the  former  one, 
where  it  meets  with  marine  fait ;  though  Mr 
Boyle  feems  to  be  of  a  contrary  opinion ;  for 
he  thinks  the  folution  of  fuEar  of  lead  is  af~ 

o 

feCted  with  lefs  degrees  of  impurity  than  the 
folution  of  filver.  But  the  filver  has  undoubt¬ 
edly  this  advantage  that  it  wall,  in  feme  mea- 
fure,  by  the  colour  of  the  precipitated  fedi- 
ment,  fliew  the  nature  of  the  contents ;  as  this 
fediment,  is  always  of  a  brown  or  black  colour 
in  the  fulphureous  Waters>  and  generally  white 
andgrumousin  thefe  which  contain  any  quantity 
of  marine  fait.  The  opacity  of  the  Water  in 
both  of  thefe  experiments  is  generally  propor¬ 
tionable  to  the  quantity  of  earth  it  contains ; 
for  thefe  metallic  folutions  attracting  the  faline 
parts,  which  are  the  band  of  union  between 
the  earth  and  Water,  disjoin  the  earthy  par¬ 
ticles  precipitate  them.  And  from  all  the 
experiments  which  I  have  feen  or  heard  re¬ 
lated,  thefe  two  methods  are  io  very  fimilar 
that,  excepting  in  the  cafe  of  fulphur,  the 
effeCt  will  generally  be  the  fame  ;  and  as  the 
folution  of  fugar  of  lead  is  more  eafiiy  pre¬ 
pared, 
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pared,  and  we  may,  in  molt  cafes,  depend  upon 
it ;  I  do  not  always  ufe  the  other.  I  would 
not  here  be  understood  to  after t  that  all  Water 
which  (hews  itfelf  turbid  with  one  or  both  of 
thefe  folutions  is  unfit  for  common  ufe  ;  feve- 
ral  Waters  may  contain  a  fafftcient  quantity  of 
mineral  to  occafion  thefe  appearances,  and  yet 
be  plealant  and  wholefome ;  but  whenever 
thefe  effects  are  obferved,  we  may  be  fure  of 
feme  mixture,  and  fubjefl  the  Water  to  farther 
experiments.  But  if  Water  which  is  defigned 
for  common  ufe  do  ftand  thefe  tefts,  and  betrays 
no  foulnefs  by  its  taftc,  fmell,  or  colour,  we  may 
be  tolerably  fatisfied  with  it. 

3.  Another  trial  commonly  made  is  by  drop¬ 
ping  in  a  little  lixivium  of  tartar ;  ufually 
though  improperly  called  the  oil  of  tartar ;  or 
a  folution  of  any  of  the  alcaline  falts.  If 
there  be  any  earth  fufpended  by  an  acid,  this 
will  precipitate  it ;  and  by  this  means  will  gene¬ 
rally  (hew  a  very  fmall  degree  of  hardnefs. 

4.  But  the  more  ufual  and  indeed  the  beft 
way  of  determining  the,  hardnefs  or  foftnefs  of 
Water  is  by  fcraping  any  certain  quantity  of 
foap  into  it,  and  obferving  how  it  difiolves  or 
lathers.  I  generally  ufe  the  Caftile  foap  for 
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this  purpofe  ;  if  Water  be  perfectly  foft,  the 
foap  will  diiTolve  quickly,  uniformly  and  with¬ 
out  curdling  ;  and,  upon  (baking  the  glafs  brifk- 
ly,  Vvill  raife  a  ftrong  froth  or  lather  at  the  top; 
but  the  fmalleft  degree  of  hardnefs  will  (hew 
itfelf,  either  by  the  foap  not  diffblving  fo  readi¬ 
ly,  by  its  turning  curdly  and  uneven,  or  by  lefs 
froth  remaining  after  it  is  agitated ;  and  the  dif¬ 
ferent  degrees  of  hardnefs  may  hereby  be  very 
well  determined.  This  is  tried  the  bed  with  a 
fmall  quantity  of  foap,  as  about  a  grain  to  an 
ounce  of  Water. 

5.  Another  examination  of  Water*  is  by  mix¬ 
ing  the  mineral  or  vegetable  acids,  and  obferv- 
ing  whether  it  ferments  6r  turns  opake.  If 
.thefe  efiefe  be  obferved,  we  conclude  that  the 
Water  contains  either  an  alcaline  fait,  or  abfor- 
bent  or  calcareous  earth  :  the  latter  of  which 

i 

will  more  frequently  appear  to  be  the  cafe  ;  and 
Dr  Rutty  fays  that  the  fpiritof  fait  is  found  to 
be  a  more  fenfible  ted  of  either  than  oil  of 
vitriol. 

6.  Obferve  whether  they  change  the  colour 
ofiyrup  of  violets,  the  blue  tin<dure  of  the 
cyanus,  or  aimed  any  other  blue  flower.  An 
alcaline  fait  indantly  turns  all  thefe  tindlures  to 


a 
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a  full  and  beautiful  green,  the  abforbent  earths 
and  calcareous  nitre  likewife  give  them  a  green- 
ifh  caff,  but  not  fo  ftrong,  nor  fo  quickly  ;  and 
the  colour  will  vary  in  its  brightnefs  or  intenfi- 
ty  according  to  the  nature  and  proportion  of 
thefe  ingredients.  The  mineral  acids  fuddenly 
turn  the  fyrup  of  violets  to  a  bright  red  ;  and 
if  the  fyrup  be  frefh  and  good  it  turns  red  with 
alum  ;  but  Dr  Rutty  obferves  that,  when  old 
fyrup  is  ufed,  it  will  turn  green. 

Obferve  what  tincture  the  Water  extracts 
From  galls,  jefuits.bark,  or  any  other  vegetable 
atlringent.  If  it  Bribe  red  or  purple,  it  is  a 


fore  mark  of  iron  ;  if  blue,  it  fhews  vitriol. 


8.  By  dropping  in  a  little  folution  of  quick- 
filver  in  aqua-fortis  or  fpirit  of  nitre  ;  or  afolu- 
tlon  of  fublimate  in  Water  ;  if  any  of  thefe  meet 
with  an  alcaline  fait,  the]/  drop  an  orange  cch 
loured,  yellow,  or  white  precipitate,  as  the  alcal'i 
approaches  to  the  lixivia!  or  urinous  kind. 

i  I 

Q.  Mr  Boyle  was  very  curious  in  obfervmg 
the  different  tinges  made  from  the  lignum  no 
phriticum  ;  but  as  I  could  not  conveniently 
procure  that  article  here,  I  ufed  Dr  Rutty  s  fuc- 
cedaneum  for  it,  the  afh  bark  ;  which  I  have 

found  to  anfwer  very  well,  and  by  the  different 

'  blue 
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blue  or  green  tin&ures  to  fhew  the  nitrous  or 
alcaline  falts. 

Mr  Boyle  has  mentioned  a  great  . many  more 
trials  of  this  kind,  as  may  be  feen  in  his  me¬ 
moirs  for  a  natural  hiftory  of  mineral  Waters. 
But  by  making  thefe  mentioned  above  upon 
the  Waters  the mfe Ives,  efpccially  when  they 
are  tried  in  concert  and  compared  with  one  a- 
nother,  we  may  form  a  tolerable  guefs  of  the 
purity  or  impurity  of  Water.  And  indeed,  if 
Water  will  fraud  the  firft  and  fourth  tefts,  it  can 
fearcelybe  deemed  unfit  for  common  ufe. 

Yet  the  curious  inveftigator  will  not  reft  fa- 
tisfied  here;  but,  by  di (tilling  or  evaporating 
the  Water,  will  feparate  the  volatile  from  the 
fixed  parts ;  and  thus  be  more  fully  fatisfied 
both  of  the  quantity  and  quality  of  the  con¬ 
tents.  Thefe  experiments  are  indeed,  when 
duly  performed,  very  tedious,  and  require  much 
accuracy  and  patience  ;  but  in  the  end  will 
amply  reward  all  our  labour,  in  their  utility 

and  final  fatisfa&ion. 

^  * 

Dr  Rutty ,  to  whofe  learning  and  affiduity  in 
this  fubjebf  the  w7orld  is  much  indebted,  has 
given  us  a  large  colleftion  of  thefe  experiments 

which 
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which  he  has  performed  with  great  judgement, 
and  related  with  great  perfpicuity.  The  quan¬ 
tity  of  Water  from  which  he  takes  his  propor¬ 
tion  is  the  IriHi  gallon,  which  he  tells  us 
is  2iyT6o  cubical  inches,  and  6X\  lefs  than 


the  Engli 


wane- 


i. 


Great  exa&nefs  is  neceffary  in.  fixing  the 
quantity  of  Water  which  is  fet  to  evaporate ; 
tor,  without  this  be  accurately  determined,  we 
can  never  know  the  proportional  quantity  of  the 
contents ;  and,  as  Waters  differ  in  their  fpeci- 
fic  gravity,  we  ihall  fettle  thefe  proportions 
with  more  precifion  by  meaftiring,  than  by 
weighing.  But  the  common  veffels  by  which 
liquids  are  meafured,  from  their  width  at  the 
top,  are  not  quite  fo  exaft  as  wre  could  Vvifli : 
I  therefore  ufe  the  following  method,  viz*  I 
take  a  common  quart  bottle  with  an  even 
neck ;  and,  having  exa<5lly  weighed  it,  I  fill 
it  with  diftilled  Water,  and  weigh  it  again 

when  thus  filled ;  by  which  means  I  can 

* 

know,  to  lefs  than  a  grain,  the  wreight  of  di¬ 
ftilled  Water  in  the  bottle.  The  bottle,  which 
I  commonly  ufe,  holds  2 6oz.  npzvt .  12  gr. 
or  12756  gr,  Troy,  I  diet)  mark  the  bottle, 

and 
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and.  preferve  it  carefully,  for  meafuring  the 

Water  which  I  fet  to  evaporate. 

I  then  go  upon  the  fuppofition,  that  an  Eng- 

lip  wine  pint  of  Water  weighs  a  pound  Aver- 
dupoife,  or  7000  gr.  Troy  ;  if  this  fuppofition 
be  right,  it  gives  the  proportion  between  the 
folid  content  of  our  bottle  and  the  wine  gal¬ 
lon  :  But  if  this  fuppofidon  be  wrong,  it  does 
not  affeff  us ;  as  we  (fill  keep  to  a  certain  and 
definite  meafure,  which  may  therefore  be  re¬ 
duced  to  a  known  meafure  of  any  other  deno - 
ruination.  And  when  it  is  found  by  how  much 
7000  grains  of  diddled  or  rain  Water  are  more 
or  lefs  than  a  wine  pint,  it  will  foon  be  deter¬ 
mined  how  far  the  gallon  mentioned  in  the 
fubfequent  experiments  exceeds,  or  falls  fkort 
of,  the  ftandard  wine  gallon. 

I  fill  this  bottle  twice,  thrice,  or  oftener  as, 
it  is  convenient,  and  put  the  Water  into  a  wide 
glafs,  made  for  the  purpofe,  or  fometimes  into 
a  glafed  earthen  bafon,  and  fet  it  in  a  gentle 
heat,  either  in  a  fand  furnace,  or,  which  I 
find  anfwers  equally  well,  in  a  copper  plate- 
warmer  before  the  fire  ;  covering  the  top  of  the 
veffel  with  clean  paper,  and  never  allowing  the 

E  heat 
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heat  to  be  more  than  I  can  conveniently  bear 
with  my  hand.  I  have  found  this  a  neceffary 
precaution,  for  a  boiling  heat  will  fometimes 
throw  off  more  than  half  of  the  refiduum  ;  and 
Dr  Rutty  obferves  the  fame  in  feveral  of  his 
trials.  I  find  that,  by  my  method,  three  bottles 
will  generally  evaporate  in  about  fix  days. 

As  in  many  cafes  the  quantity  of  refiduum  is 
very  fmall  ;  the  greateft  care  and  nicety  are 
requifite,  both  in  colleding  and  weighing  it. 
For,  as  I  have  fometimes  had  but  three  or  four 
grains  from  three  bottles  of  Water  ;  if  any  be 
loft,  or  even  a  Fmall  miftake  be  made  in  the 
weighing,  it  throws  our  proportions  wrong  ; 
and  when  thefe  proportions  are  extended  to 
larger  quantities,  the  error  will  fwell  confide- 
rably,  and  become  of  confequence.  There¬ 
fore,  when  I  have  but  a  fmall  quantity,  after  I 
have  got  it  well  feraped  and  collected  together, 
I  weigh  it  in  a  pair  of  well  regulated  affay 
fcales,  the  beam  of  which  will  turn,  upon  oc- 
cafion,  with  the  thoufandth  part  of  a  grain.* 

But 

#  I  have  never  attempted  to  weigh  to  greater  exa&nefs ; 
though  foroe  beams  have  been  made  to  turn  with  a  much 
Jefs  weight ;  particularly  that  of  Merfennus  mentioned  by 

Muf- 
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Eat  here  a  difficulty  frequently  occurs  which 
is  not  eafily  guarded  again  ft.  For  moft  Oi  the 
refidua,  efpeciallv  fuch  as  contain  an  alcaline  or 
marine  fait,  attract  moiftufe  from  the  air  fo 
faft,  that  even  during  the  time  of  weighing 
they  become  fenftbly  heavier.  In  damp  wea¬ 
ther,  though  I  have  had  a  fire  in  the  room,  I 
have  fometimes  found  them  increafe  near  a  fifth 
part  in  a  few  minutes.  And  this  increafe  of 

weight  will  ever  be  in  proportion  to  the  dry- 
nefs  or  moifture  of  the  air,  and  the  attractive 

pow- 

Mujfchenbroek  (introduce,  vol.  II.  p.  536.)  which  lob  its  equi¬ 
librium  by  adding  only  2TX^.  of  a,  grain  to  either  fcale.  And 
iome  trials  of  this  kind  were  made  a  few  years  ago  in  Eng¬ 
land,  (as  I  have  been  informed  by  a  very  learned  and  inge¬ 
nious  friend)  which  ran  to  fmaller  parts  of  a  grain.  But 
thefe  extreme  niceties  are  fcarcely  pra&icable  in  a  feries  of 
experiments,  from  the  trouble  and  difficulty  of  adjubing 
the  feales  every  time  they  are  ufed.  For,  when  the  hide  of 
of  the  glafs  cafe  is  lifted  up,  we  cannot  always  prevent  a  little 
moifture  or  fmail  particles  of  dull  from  getting  to  the  brings 
or  other  parts  ;  which  though  imperceptible  to  the  eye,  will 
make  a  fenfible  difference,  and  often  oblige  us  to  regulate 
the  feales,  before  we  can  pretend  to  weigh  with  great  nicety. 
Neither  have  I  found  it  neceffary  to  hang  my  beam  upon 
diamonds,  as  fome  are  done,  and  which  undoubtedly  leffens 
the  fri&ion ;  but  I  take  care  to  have  both  the  axis  of  the 
beam  and  the  holes  in  which  it  hangs  brought  to  an  exqui- 
fitely  fine  polilh  ;  which  I  repair,  from  time  to  time,  when 
I  find  them  any  way  injured. 
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power  of  the  refiduum;  both  which  vary 
greatly  in  different  feafons,  and  different  refir 
dua.  I  can  form  a  tolerable  judgment  of  the 
velocity  of  this  increment.,  if,  alter  I  have 
brought  the  beam  to  an  equilibrium,  I  put  a  half 
grain  cr  a  grain  weight  into  the  fcale  oppofite 
to  the  refiduum,  and  obferve  by  a  flop  watch 
how  long  it  will  be  in  fetching  it  up. 

But  this,  though  a  pleafing  experiment,  does 
not  determine  the  quantity  of  moifture  which 
had  been  attracted  previous  to  the  weighing. 
Therefore,  after  the  refiduum  has  imbibed  all 
its  moifture,  and  groves  no  heavier,  •  I  weigh 
five  grains  of  it ;  and  put  it  upon  a  clean  thick 
piece  of  iron  made  juft  red  hot ;  obferving 
whether  it  crackles  and  flies,  or  melts  and  Win¬ 
ters,  likewife  whether  it  flames  or  fmokes  and 
what  kind  of  fumes  it  emits,  or  whether  it  has 
any  particular  frnell,  or  other  diftinguifhing  ap¬ 
pearance. 

After  it  has  remained  a  few  minutes  upon 
the  hot  iron,  or  till  it  undergoes  no  farther 
change ;  I  return  it,  whilft  hot,  and  as  nimbly 
as  I  can  into  the  allay  feales ;  and,  weighing  it 
again,  I  find  what  moifture  or  other  volatile 

parts 
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parts  it  has  loft.  And  then  wafhing  it  well 
through  two  or  three  glades  of  diftilled  Waters 
which  I  pour  off  as  carefully  as  I  am  able,  with¬ 
out  disturbing;  the  fedlment  at  the  bottom,  I 
find  the  exaft  proportion  of  calcined  earth  in 
five  grains  of  the  refiduum. 

I  then  evaporate  the  Water  which  I  had 
poured  off,  and  which  I  fuppofe  contains  all 
the  fait  or  foluble  parts ;  (for  if  any  remain  in 
the  Pediment  after  thefe  repeated  wafhings, 
they  will  be  fo  very  minute  as  fcarcely  to  de- 
ferve  notice)  and,  when  it  is  brought  into  a 
fmall  compafs,  I  put  it  into  the  hollow  of  a 
watch  glafs,  and  let  it  fhoot  into  cryftals, 
which  are  ready  to  compare  with  thofe  produ¬ 
ced  from  the  un calcined  refiduum.* 

By  thefe  means  I  apprehend  that  I  form  a 

pretty  accurate  judgement  of  the  proportion 
between  the  fixed  and  volatile  parts.  But  as 
fo  fmall  a  quantity  of  the  refiduum,  from  be¬ 
ing  expofed  to  a  ftrong  heat,  mud  undergo  a 

con- 

I  *s  * 

* 

*  In  feparating  the  earth  from  the  falls,  I  prefer  the  de~ 
canting  or  pouring  very  gently  off,  to  filtering,  if  the  earth 
^  has  perfectly  fubfided  and  left  the  Water  clear  ;  for  fome 
parts  of  the  earth  adhere  to  the  paper  in  filtering,  which  it 
is  almofi  -impofiible  to  get  clean  off. 
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confiderable  change  ;  we  cannot  depend  either 
upon  the  fait  or  earth  being  the  fame  as  they 
were  before  calcination ;  indeed  they  will 


fometimes  be  very  different,  as  feveral  of  the 
earths  will  calcine  into  lime,  and  forae  of  the 


flits  will  change  both  their  figure  and  other 
properties. 

The  figure  of  the  cryilals  cannot  well  be 
fccn  by  the  naked  eye,  and  therefore  I  take 
the  following  method:  Having  preferred  both 
the  calcined  and  uncalcined  ones,  in  feparate 
watch  glaiTes,  I  can  view  fome  of  them  diltincd- 


!y  enough  with  a  common  magnifier,  fuch  as 
the  watchmakers  ufe,  held  in  my  hand  ;  but 
the  befi:  and  moft  entertaining  method  is  to 
put  a  drop  or  tvro  of  diftilled  Water  into  the 
watch-glafs ;  and  when  it  is  pretty  well  f Un¬ 
rated  with  the  fait,  I  take  a  little  of  it  up  with 
a  pointed  clean  piece  of  wood,  and  put  it  up¬ 
on  the  Hide  of  my  microfcope;  and,  if  there  be 
qccafion,  add  a  little  more  diftilled  Water, 
till  it  be  perfectly  tranfpare'nt :  Then  ferewing 
on  a  pretty  large  magnifier,  and  keeping  the 
eye  fixed,  a  beautiful  fcenc  quickly  prefents 
itfclf;  for  this  final!  quantity  of  Water  foon 
evaporating,  we  ice  the  cryftals,  from  their 

be- 
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beginning  to  fhoot,  till  their  perfed  formation, 
which  in  warm  weather  will  generally  be  com- 
pleated  in  eight  or  ten  minutes. 

The  figur  es  of  the  cryftals  here  reprefent- 
ted,  as  they  appeared  in  the  microfcope,  wTere 
drawn  and  engraven  by  my  ingenious  friends 
the  two  MefTrs  Beilbys ;  and  I  think  they 
have  done  them  great  juft  ice  in  the  reprefen- 
tation, 

Though  we  cannot  judge  of  the  nature  of 
a  fait,  by  the  figure  of  its  cryftals  alone,  yet 
thefe  obfervations  are  both  neceffary  and  high¬ 
ly  entertaining  ;  and  without  them  no  analyfis 
of  Water  can  be  completed. 

Having  referved  one  parcel  of  the  refiduum 
entire,  and  leparated  the  earth  and  falts  of  ano¬ 
ther  parcel,  we  can  now  (object  each  of  them 
to  farther  inquiries  and  trials ;  mod  of  which 
are  particularly  laid  down  by  Mr  Boyle,  Dr 
Rutty  and  others,  and  will  be  exemplified  in 
the  fubfequent  part  of  this  treatife.  I  fhall 
therefore,  not  trouble  my  reader  with  a  parti¬ 
cular  relation  of  them  here,  but  would  recom¬ 
mend  it  to  the  diligent  and  impartial  acquirer, 

to  try  as  many  of  them  in  concert  as  he  has 

op- 


The  Advantages  of 


40 

opportunity ;  and  not  precipitately  to  conclude,, 
or  reft  his  determination  upon  fewer  trials, when 
he  can  have  more  to  build  upon.  For  Waters 
will  agree  in  fome  refpecfs,  and  differ  widely 
in  others :  And,  in  an  affair  of  fo  great  confe- 
quence,  as  determining  the  good  or  bad  quali¬ 
ties  of  Waters  which  are  defigned  for  common 
ufe,  efpecially  fuch  as  we  have  had  no  previous 
experience  of,  all  our  diligence  and  circum- 


fpeffion  is  little  enough,  as  fome  properties 
may  ftill  elude  our  niceft  refearches. 


The  Advantages  of  a  large  Supply 


of  Water. 

IN  the  fupplying  of  large  towns,  we  have  yet 
fomething  more  than  the  quality  of  the  Water 
to  attend  to.  W e  fhould  take  care  to  provide  a 
fufficien  tquantity,  not  only  for  domeftic  purpo- 

fes,  and  the  different  trades  andmanufa&ures,  but 

»  »  ^ 

always  to  have  plenty  of  Water  in  ftore  andreadi- 
nefs?  in  cafe  of  fire  :  And  not  only  fo,  but  there 
ought  to  be  a  fuperfluity,  to  run  conftantly  down 
the  channels  in  the  ftreets ;  which  contributes  to 

carry 
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carry  away  the  dirt  and  filth,  prevents  any  flag- 
nating  Water  from  becoming  offenfive ;  and 
what  is  of  ftill  greater  importance,  efpecially  in 
the  hot  fummer  months,  the  exhalations  from 
thefe  currents  cool  and  refre fn  the  air  ;  giving 
not  only  a  very  pleafing  fenfatiom  but  prevent¬ 
ing  the  rife  and  fpreading  of  malignant  and  in¬ 
fectious  diforders.*  What  an  agreeable  change 
do  we  find,  when,  in  a  hot  flu  try  day,  we  come 
near  the  fide  of  a  brook  or  rivulet  ?  How  in- 
flan  tly  do  we  find  ourfelves  refrefhed,upon  the 
falling  of  a  fummer  fhower  ?  The  air  requires  a 
conlfant  fupply  and  circulation  of  aqueous  par¬ 
ticles,  to  fit  it  for  refpiration  ;  and  in  cro tided 
places,  where  the  air  is  confiantly  vitiated  by 
the  breath  of  the  multitude,  and  other  noxious 
exhalations,  the  offenfive  particles  are  attraffed 
by,  and  carried  off  with,  the  circulating  moi- 
fturc.  For  the  fame  reafon,  we  find  a  great 
advantage  from  fetting  greens  or  flowers  in 

pots  of  Water,  and  placing  them  in  our  cham- 

F  bers  * 

*  In  the  town  of  Salisbury ,  they  have  large  currents  of 
Water  running  down  the  ftrsets  ;  and  in  hot  weather  people 
are  employed  to  throw  it  out  with  fcoops,  and  wet  the  pave¬ 
ment  from  time  to  time.  And  I  am  told,  that  the  fame  me¬ 
thod  is  pra&ifed  in  the  Greets  of  Mantua ,  to  the  great  refrefb- 
ment  of  the  inhabitants. 
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bers ;  the  water,  which  they  fuck  up  and  ex> 
hale  almoit  at  every  pore,  accompanied  with 
the  fragrance  of  the  flowers,  produces  a  moft 
agreeable  effefL  More  efpecially  in  the  cham¬ 
bers  of  the  lick,  or  where  a  perfon  is  lying  in  a 
malignant  or  any  high  fever,  they  are  not  only 
of  great  advantage  to  the  patient,  but  a  fecu- 
rity  to  his  attendants. 

That  this  fupply  of  frefii  moifture  in  the  air, 
has  a  beneficial  effect  in  curing  and  flopping  the 
progrefs  of  putrid,  malignant  and  peftilential 
diforders,  we  have  a  flrong  inftance  in  the  me¬ 
dical  hiflory  of  Egypt,  as  delivered  to  us  by  the 
learned  and  elegant  Trofper  Alpinus ,  who 
lived  and  pra&ifed  fame  time  at  Grand  Cairo . 
He  tells  us  *  that  epidemical  fevers,  of  the 
putrid  and  peflilential  kind,  rage  annually  in 
this  country,  from  the  autumnal  feafon  till 
about  the  middle  of  June :  That  the  plague 
vifits  them  about  once  in  feven  years,  making 
very  great  havock  ;  that  in  the  year  1580, when 
he  fir  A  went  into  Egypt ,  500,000  perfons  died 
of  the  plague  in  Cairo ,  within  the  fpace  of  fix 
or  feven  months.  He  farther  acquaints  us, 

that 

#  De  medicina  Egyptiorum.  lib.  I. 
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that  the  inhabitants  of  Cairo  are  attacked  in  the 
winter  feafon  with  ophthalmias,  or  inflamma¬ 
tions  of  the  eyes,  which  increafe  till  the  be¬ 
ginning  of  fummer,  when  you  11  fee  at  lead 
fifty  out  of  an  hundred  labouring  under  this 
complaint.  About  the  fame  time  the  putrid 
malignant  fevers  rage  much  ;  and  particularly 
that  dreadful  one,  which  in  th o.  Arabian  language 
is  called  Dem  el  muia ,  and  which  he  tells  us, 
from  the  etymology  of  the  word,  fignifies  a 
colliquated  ftate  of  the  blood,  and  often  proves 
fatal  in  a  very  few  hours.  Thefe,  and  the  pefii- 
lential  fevers  fo  frequent  in  thofe  hot  and  dry 
countries,  are  all  fuppofed  to  be  primarily  cau- 
fed  by  the  blood  being  in  too  thin  and  dilfolved 
a  Rate,  and  tending  to  putrefaction  ;  which  is 
forwarded  and  heightened  by  the  heat  of  the 
air,  and  the  want  of  frefh  humid  particles :  For 
in  this  country,  they  feldom  or  never  have  any 
rain.  And  during  the  months  of  March ,  April 
and  May,  they  are  burnt  up  by  the  hot  fcorch- 
ing  winds,  which  traverfe  the  vaft  continent  of 
,  Africa  \  at  which  time  the  putrid,  peflilential 
diforders  rage  with  the  greateft  fury.  But  as 

foon  as  the  etefias,  or  periodical  northern  winds, 

fet 


4#  T«  e  Advantages  of 

fet  in,  which  we  are  allured  is  always  about  the 
time  of  the  lummer  folftice,  a  great  number 
of  black  watry  clouds  fly  over  every  day,  from 
fun-rifing  till  about  noon;  which  clouds  are 
fuppofed  to  fall  upon  the  mountains  of  Lyhia 
and  Ethiopia ,  and  to  occafion  the  increafe  of 
the  Nile  :  Then  the  air  is  cooled  and  refrefhed 
by  a  large  quantity  of  humid  particles,  brought 
from  the  northern  feas,  and  all  thefe  diforders 
immediately  ceafe ;  and  thofe  who  labour  un¬ 
der  them  generally  recover  upon  the  Nile  s  be- 
ginning  to  rife. 

Though  rain  is  fcarcely  ever  known  in  this 
country  yet  it  is  impoffible  that  fuch  a  num¬ 
ber  of  clouds  can  pals  through  their  atmofphere 
without  diltributing  a  copious  moifture  to  every 
part  of  it  j  that  they  do  fo,  is  evident  from  the 
experiment, by  which,  as T  rofper  Alpinus  tells  us, 
the  Egyptians  judge  of  the  approaching  rife  of 
the  Nile,  viz.  They  take  a  little  of  the  mud 
which  was  left  by  the  overflowing  of  the  Nile 
the  preceding  year  ;  and,  having  carefully  dri¬ 
ed  it,  they  weigh  it,  and  leave  it  in  the  feales, 
in  an  inclofed  dry  place ;  obferving  from  day 
to  day  how  much  it  increafes  in  its  weight; 

and  by  this  increafe  they  prognofticate  the 
V'  ‘  height 
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height  of  the  future  inundation.  This  earth,  or 
mud,  being  impregnated  with  the  Egyptian 
nitre,  will  attract  moifture  very  powerfully, 
and  therefore  makes  not  a  bad  hygrometer, 
which  ftiews  undeniably  the  In  created  humidity 
of  the  air  at  this  time. 

The  overflowing  of  the  Nile,  which,  as  the 
fame  author  tells  us,  happens  always  about  the 
fame  time,  muft  farther  increafe  this  moifture, 
and  carry  away  whatever  was  ftagnated  and 
corrupted.  For  other  authors  of  undoubted 
credit  inform  us,  that  at  Cairo  they  have  ma¬ 
ny  large  common  fewers,  which  cannot  be 
cleaned  out  till  the  Nils  overflows,  before 
which  they  become  extremely  offenfive. 

I  hope  my  reader  will  excufe  this  digreffion,, 
as  it  is  a  ftrong  proof  of  the  great  effect  which 
a  fupply  of  frefli  moifture  has  upon  the  air  ; 
and  of  the  dreadful  calamities  which  attend  the 
want  of  it.  Indeed,  without  this  renovation  of 
moifture,  both  animals  and  vegetables  would 
foon  perifh ;  it  is,  if  I  may  be  allowed  the  ex- 
preffion,  the  grand  circulation  of  nature;  and 
when  it  is  impeded  or  deftroyed,  the  frame  of 
nature  becomes  difordered. 


Of 
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RAIN  Water  is,  properly  fpeaking,  diftilled 
by  nature ;  and  though,  for  reafons 
which  I  fhall  affign  prefently,  it  falls  a  little 
fhort  of  common  diftilled  Water  in  purity  ; 
yet,  when  properly  collected  and  well  preferr¬ 
ed^  it  is  of  excellent  ufe,  and  fcarcely  inferior 
to  any  natural  Water  which  we  know.  Boer - 
haave  calls  rain  Water  the  lixivium  of  the  air  ; 
and  fays,  that  in  palling  through  the  atmo- 
fphere,  it  collects,  and  incorporates  with  various 
bodies,  which  fall  in  its  way,  as  falts,  fpirits,  oils, 
foaps,  earths,  and  metals  themfelves  ;  all  which 
may  be  raifed,  by  different  exhalations,  into 
the  air,  and  unite  with  the  aqueous  particles,  in 
different  proportions  according  to  the  foil,  cli¬ 
mate,  or  various  feafons  in  which  they  are  ob- 
ferved.  Hence  the  different  degrees  of  heat 
and  cold,  the  different  winds,  meteors,  thunder,' 
the  fmoke  of  furnaces  and  culinary  fires,  feve- 
raily  contribute  to  change  the  properties  of 
rainW  ater :  In  fummer  time  particularly  it  brings 
along  with  it  the  feeds  and  embryos  of  vegeta^ 
bles  and  animalcula,  which  render  it  difagreea- 
ble  to  the  tafte,  and  promote  its  putrefadriom* 


If 


Vid.  Boer  haave  s  Ghen\,  torn.  I,  p,  597. 
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If  it  be  kept  in  wooden  veflels  it  will  foon 
ftink  and  become  unfit  for  ufe;  and  then 
if  it  be  viewed  with  a  microfcope,  it  is 
found  to  contain  an  amazing  number  of  vari¬ 
ous  animalcules,  and  particularly  thofe  which, 
from  their  form  and  motion,  are  called  the  wheel 
animals.*-  Thefe  animalcula  are  fuppofed  to 
be  the  chief  caufe  of  the  Water’s  putrefaction, 
and  therefore  Boerhaave  and  others  recom¬ 
mend  the  boiling  of  it,  which  will  infiantly 
deftroy  thefe  animals,  whether  they  be  perfect¬ 
ly  formed,  or  only  in  embryo.  A  fmall  quan¬ 
tity  of  fpirit  of  vitriol  added  to  the  Water  will 
likewife  preferve  it  longer  from  putrefaction. 

Rain  Water  is  likewife  obferved  to  be  a  lit¬ 
tle  hard  when  it  firft  falls  ;f  and  I  have  fre¬ 
quently  obferved  it  to  curdle  with  foap,  and 
turn  rather  milky  with  fugar  of  lead,  when  it 
is  newly  fallen  ;  but  in  two  or  three  days  it 
becomes  perfectly  foft. 

The  rain  which  falls  through  the  fmoke  of 
large  towns  Is  rendered  foul  and  black  ;  more 
efpecially  if  it  be  colleCled,  as  it  generally  is? 

from 

*  Baker's  microfcope  made  ealy,  p.  83,  and  employment 
for  the  microfcope,  p.  295. 

f  Rutty's  Synopf.  p.  28. 
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from  the  roofs  of  houfes,  when  it  brings  with 
it  a  great  many  particles  of  foot,  which  give  it  a 
very  difagreeable  tafie  and  colour  :  And  hence 
it  is  that  in  feme  parts  of  this  town  and  neigh^ 
bourhood,  where  the  tiles  are  conftanfly  black¬ 
ened  by  the  fmoke  of  glafs-houfes,  &c  the 
Water  which  falls  from  them  is  unfit  for  al- 
mofi:  any  domeftic  purpofes. 

Notwithftanding  all  this,  I  have  known  rain 
Water,  when  properly  treated,  to  be  exceeding¬ 
ly  pure  and  good  ;  for,  when  it  fubfides  and  is 
well  filtered,  it  lofes  all  fenfible  impurity ;  and 
in  tafte,  colour  and  fluidity,  is  fcarcely  inferior 
to  any  other  Water.  One  of  the  readied  and 
beft  methods  of  filtering  it,  is  to  let  it  run 
through  a  bed  of  clean  fand,  which  is  prefer¬ 
able  to  the  filtering-done,  as  it  performs  its 
work  much  fooner  ;  and  the  grains  of  fand  are 
of  fo  many  different  figures,  that  they  are 
pretty  fure  to  flop  the  progrefs  of  any  bodies,  of 
fenfible  bulk,  in  paffing  through  them.* 

A  friend  of  mine  in  this  town  has  a  leaden 
ciftern  for  collecting  rain  Water,  fo  conltrutfled, 

that 

*  If  you  view  a  million  grains  of  fand  through  a  micro¬ 
scope,  ypu’li  fcarcely  had  two  of  the  fame  fize  and  fhape. 
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that  it  both  allows  the  Water  to  fubfide,  and 
the  upper  parts  of  it  to  run  through  a  bed  of 
fand,  which  is  raifed  by  a  partition  above  the 
bottom  of  the  cittern  ;  by  which  means  the 
Water  becomes  perfectly  clear  and  bright,  and 
is  preferred,  by  mott  who  have  tatted  it,  to  any 
other  Water  in  this  town. 

When  Water  of  any  kind  is  kept  in  wooden 
veffels,  it  contracts  a  particular  fmell,  tafte  and 
colour  from  the  wood ;  and  our  veffels  for  this 
purpofe  being  generally  made  of  oak,  they  may 
when  new,  give  the  Water  fome  degree  of 
aftringency  :  Therefore  clean  earthen  veffels  are 
the  beft ;  though  I  apprehend  leaden  ones  may, 
be  ufed  with  tolerable  fafety,  if  they  be  kept 
clear  from  vegetable  acids,  all  of  which  are  found 
to  corrode  lead,  and  to  produce  a  very  noxious 
fait.  The  veffels  in  which  Water  is  kept, 
fnould  likewife  be  covered,  to  prevent  any  duff 
or  filth  from  getting  in  ;  and  the  Water  will  be 
more  agreeable  if  it  be  kept  in  a  cellar  or  cool 
place. 

If  thefe  precautions  be  obferved,  many  fami¬ 
lies  may  find  great  convenience  and  advantage 
in  collefting  and  preferving  rain  Water,  as  it 

G  will 
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will  anfwer  very  well  for  mod  purpofes  of  life, 
in  every  refpeft,  but  the  uncertainty  of  its 
fupply. 

I  have  not  yet  made  any  particular  analyfis 
of  rain  Water  ;  as  it  has,  long  fince,  been  fo 
well  done  to  our  hands.  Dr  Rutty  oblerves, 
that  rain  Water,  upon  (landing,  depofites  a  Pe¬ 
diment  nearly  the  fame,  both  in  quantity  and 
quality,  with  that  which  is  obtained  by  the 
gentled  evaporation/*  A  convincing  argument 
this,  of  its  purity,  after  fubfiding  and  filtering. 
For,  as  this  fagacious  naturalid  very  judly  ob- 
ferves,  the  contents  are  more  loofely  adherent* 
or  lefs  intimately  diffolved  in  rain  Water,  than 
divers  others.  This  obfervation  is  perfe&ly 
confident  with  what  I  have  (aid  before  of  its 
fpecific  gravity  for,  after  repeated  trials,  I 
have  not  found  it  to  differ  from  that  of  diddled 
Water  more  than  one  hundred  thoufandth  part 
of  the  whole  ;  thotigh  I  diddled  the  water, 
which  I  ufed,  in  large  glafs  vefiels,  and  with  a 
very  gentle  heat. 

From  fix  different  fpecimens  of  rain  Water 

Dr  Rutty  produced  from  6  to  1 2  grains  of  re- 

fiduum 

*  Synopf.  pp.  33.  34.  35- 
t  P-  *7- 
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fiduum  to  a  gallon ;  for  the  moft  part  of  a  dark 
brown  colour,  with  fome  particles  of  white  in- 
terfperfed ;  of  a  bitter,  brackifh,  and  fometimes 
lixivial  tafte,  and  difagreeable  fmell.  From  fe- 
veral  experiments  he  concludes,  that  this  refi- 
duum  is  compofed  of  calcareous  nitre,  marine 
fait,  fulphur,  and  abforbent  earth;  each  of 
which  ingredients  muft  be  contained  in  very 
fmall  quantities :  And  when  we  confider  that 
the  Water  thus  analyfed,  was  not  previoufly 
depurated  by  fubfiding  and  filtering ;  we  may 
reft  pretty  well  fatisfied,  that  rain  Water,  ma¬ 
naged  as  above  directed,  will  approach  as 
near  to  a  perfect  unmixed  element,  as  we  can 
reafonably  delire ;  and  will  fcarcely  be  exceed- 
ed  by  any  which  we  can  procure,  excepting 
perhaps  thofe  from  fnow  and  hail ;  which,  as 
they  commonly  fall  in  the  colder  climates  and 
colder  feafons,  may  be  lefs  affected  with  thole 
impurities  which  are  occafioned  by  heat. 

Some  of  the  greateft  philofophers  and  phyfi- 
cians  have  differed  much  in  their  opinion  of 
fnow  Water.  Hippocrates  condemns  all  Water 
which  comes  from  fnow  and  ice,  becaule,  he 
fays,  its  fineft  parts  are  feparated  and  difperfed 

by 
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by  congealing,  and  only  the  grofTer  ones  left* 
Hoffman ,  who  quotes  this  paffage,  entirely 
approves  the  reafoning,  and  fays,  that  when 
Water  is  frozen,  its  crafls  and  mixture  are  evi¬ 
dently  deftroyea :  For  thofe  conftituent  parts, 
which  are  more  fubtile,  recede  from  the  coarfer 
ones,  and  are  driven  to  the  centre,  from  whence 
large  bubbles  are  feen  within  any  piece  of  ice, 
ariflng  from  the  colleffed  air,  and  caufing  the 
Water  to  occupy  more  fpace  than  it  did  before 
congelation.  And  hence,  fays  he,  it  appears 
manifeftly,  that  the  fine  liquid  element  being 
withdrawn,  and  only  the  coarfe,  grofs  and 
heavy  parts  left ;  the  Water  is  by  thefe 
means  depraved  and  corrupted,  and  cannot  but 
be  unwholefbme.f 

•  If  this  reafoning  be  juft,  wefhould  naturally 
conclude,  that  fnow  Water  muft  be  fpecifically 
heavier  than  rain,  river,  or  almoft  any  other 
Water;  as  Celfus  indeed  afferts  and  Dr  Rutty’s 
experiments  make  it  a  little  heavier ;  but  I  have 

not  been  able  to  find  this  difference. 

-  •  *  •  ■ 

Hoff 'man  like  wife  blames  fnow  Water  for 

bring- 

*  De  aerib.  aq.  et  loc. 

f  De  Element,  aq.  §  23.  lib.  2.  cap.  i8» 
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bringing  on  thofe  glandular  tumors  and  fwel- 
lings  of  the  throat,,  amongft  the  people  who 
live  near  the  feet  of  mountains  covered  with 
fnow  ;  and  inftances  in  the  inhabitants  about 
the  ‘Pyrenees  and  Alps,  and  likewife  in  thofe  of 
the  Black-forejl ,  Switzerland ,  and  Tirol.  But 
other  authors,  with  a  good  deal  of  reafon,  reject 
this  opinion,  and  attribute  thefe  diforders  .to 
another  caufe.  They  may  indeed  more  probably 
be  owing  to  the  hardnefs  and  impurity,  which 
the  Water  acquires  in  its  defcent  from  the  hills, 
than  to  any  original  bad  quality  in  it.* 

Boex'haave  on  the  other  hand  is  lavifh  in  his 
encomiums  on  fnow  Water,  which  he  prefers 
to  all  others :  But  he  advifes  it  to  be  colle&ed 
carefully  from  the  tops  of  high  fandy  moun¬ 
tains,  at  a  diftance  from  any  towns  or  houfes, 
that  it  may  not  be  tainted  with  any  fmoke  or 
other  impurities.  He  likewife  prefers  fuch  as 
has  fallen  after  a  long  and  fharp  frolf,  in  calm 
weather,  and  takes  only  the  top  of  it.  He  fup- 
pofes  this  fnow  to  produce  the  pureft  Water, 
that  art  or  nature  can  furniih  us  with ;  that 
fcarcely  any  fait,  air,  oil,  or  other  mixture  will 

be 


*  See  p.  23. 
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be  found  in  it :  That  it  really  differs  from  all 
other  Water  ;  that  it  is  the  pureft  of  all,  quite 
immutable,  may  be  kept  for  years,  and  is  a 
Angular  remedy  for  inflammations  of  the  eyes.* 
This  is  agreeable  to  Dr  Rutty  s  account,  who 

tollefted  the  fnow  Water  which  he  analyfed  in 

*  *  « 

February,  after  the  great  froft  in  1739,  and 
followed  Boerhaave  s  precautions  as  nearly  as 
his  fituation  would  permit  him  to  do  A  gallon 
of  this  Water  left,  upon  evaporation,  only  four 
grains  of  a  light  brown  fediment,  conflfting  of 
marine  fait,  abforbent  earth,  and  a  pittance  of 

O  *  *■  '»- 

f  ulphur.  f 

Thefe  contents  appear  to  be  of  fo  innocent  a 
nature,  and  fo  very  fmali  in  quantity,  that  we 
can  fcarce  conceive  them  to  have  any  ccnfider- 
able  effe6t,  and  yet  fome  difficulties  occur. 
Whence  arifes  the  efficacy  of  fnow  Water  in 
inflammations  of  the  eyes,  and  in  burns  ?  How 
does  it  operate  in  fertilizing  the  ground?  Or 
whence  comes  that  cruft  or  ftratum,  which  is 
fo  rmed  upon  the  furface  of  grounds  that  are 
frequently  covered  with  fnow  ?  Thefe  are  effects 

told 

*  Boerhaave's  cliem.  vol.  i.  p.  601. 
t  Synopf.  p.  40  and  Table  [E  E,] 
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told  us  from  the  beft  authority,  and  confirmed 
by  long  experience.  Can  thefe  effefts  be  produc¬ 
ed,  or  mechanically  accounted  for,  by  the  priva¬ 
tion  ofheatjOrthe  action  of  cold  ?  Or  can  there 
be  any  concentrated  fubtile  fpirit,  of  the  nitrous, 
or  any  other  kind,  which  we  are  totally  un¬ 
acquainted  with,  and  which  may  have  eluded 
any  experimental  inquiry?  One  effect  of  fnow? 
which  I  can  allure  my  reader  of,  and  which  I 
do  not  remember  any  where  to  have  read,  is, 
that  a  certain  quantity  of  it  taken  up,  frefh  from 
the  ground,  and  mixed  in  a  flour  pudding,  will 
fupply  the  place  of  eggs,  and  make  it  equally 
light :  The  quantity  allotted  is  two  table  fpoon- 
fulls,  inftead  of  one  egg ;  and  if  this  propor¬ 
tion  be  much  exceeded,  the  pudding  will  not 
adhere  together,  but  will  fall  to  pieces  in  boil¬ 
ing.  I  afTert  this  from  the  experience  of  my 
own  family ;  and  any  one,  who  chufes  to  try  k, 
will  find  it  to  be  fa6L  I  hope  my  good  natur- 
ed  reader  will  make  allowance  for  mentioning 
what,  to  fome,  may  appear  trivial  ;  though  no 
appearance  in  nature  is  below  the  notice,  or 
unworthy  the  attention  of  philofophers. 

How  thefe  effects  of  fnow  can  be  accounted 

for 


56  Of  Spring  Wate&. 

for,  upon  the  fuppofition  that  it  contains  little 
or  nothing  but  pure  elementary  water,  I  can- 
not  tell ;  nor,  till  I  can,  will  I  pretend  to  de¬ 
cide  betwixt  fo  great  authorities  as  Hippocrates , 
mod  of  the  ancients,  and  Hoffman  on  one  fide  ; 
and  Boerhaave ,  with  mod  of  the  learned  mo¬ 
derns  on  the  other. 

t  '  '  ’ ;  « 
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AS  all  our  fprings  are  originally  fupplied  by 
.  rain,  or  melted  fnow  and  hail,  drained 
through  the  pores  and  cavities  of  the  earth,  their 
Waters  will  vary,  according  to  the  different 
foils  or  firata  through  which  they  pafs :  If 
Waters  meet  with  nothing  in  their  fubterrane- 
ous  paffages,  which  will  unite  with  them  or 
diffolve  in  them,  they  idue  out  in  their  greated 
purity.  The  fprings  which  come  from  gravel, 
fand,  or  fome  light  and  porous  dones  are  gene¬ 
rally  the  pured  and  bed  ;  for  the  Water  being 
filtered  through  their  fmall  pores,  is  cleared 
from  almod  every  foreign  fubdance  or  impu¬ 
rity  which  it  had  contra&ed  in  the  air ;  acquires 
an  agreeable  coolnefs,  and  becomes  limpid, 
bright  and  fparkling.  But 
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But  as  there  are  few  foils,  which  do  not  contain 
fome  kinds  of  fait,  or  other  mineral  fubftances, 
which  are  folu-ble  in  Water  ;  m oft  of  our 
springs  are  found  to  partake  in  fome  meafure 
ot  tne  nature  of  the  foil  through  which  they 
pafs.  So  that  amongft  the  almoft  endlcfs  variety 
of  fpring  Waters,  which  have  undergone  the 
examination  of  curious  naturalifts,  none  have 
been  found  perfectly  pure  ;  but  are  innocent, 
falutary,  or  noxious,  in  proportion  to  the  quan¬ 
tity,  kind,  or  mixture  of  the  various  ingre¬ 
dients  of  which  they  are  compofed,  and  the 
conftitution  of  the  perfon  who  ufes  them  ;  and 
fome  of  them  are  found  by  long  experience  to 

J  O  1 

be  of  great  medicinal  efficacy. 

Many  of  the  fp ring  Waters  in  this  neighbour¬ 
hood  are  affefted  by  the  great  number  of  coal¬ 
mines,  from  which  an  immenfe  quantity  of 
Water  flows ;  and  fome  of  it  is  highly  impregna¬ 
ted  with  the  various  fubftances  it  meets  with  in 
paffing  through  them  :  The  chief  and  moft  fre¬ 
quent  of  which  is  the  pyrites,  or  what  our  work¬ 
men  here  call  bra  fifes.  Prodigious  quantities  of 
this  are  found  in  moft  of  our  coal-mines  and 
employed  in  fome  very  confiderable  copperas 

H  works. 
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works.  Moft  of  it  anfwers  to  Dr  Hill's  dc- 
fcription  of  the  Gymnopyris  varius  virefcens 
In  many  of  our  old  workings,  where  the  air 
has  been  admitted,  a  large  quantity  of  vitriol 
is  wafhedaway  from  the  pyrites,  and  mixes  with 
the  water  ;  which  corrodes  all  the  iron  pump 
rods  of  the  fire-engines,  and  greatly  damages 
the  boilers,  or  any  iron  which  comes  in  its 
way.  But  when  a  colliery  is  newly  opened, 
the  water  is  feldom  fo  much  impregnated  with 
the  vitriolic  falts  ;  the  admiffion  of  air  being 
neceffary  to  their  feparation  from  the  pyrites. 

Indeed  this  fait  often  feems  to  be  interfper- 
fed  through  the  whole  fub (lance  of  our  coals. 
I  have  fome  fpecimens  of  our  beft  coal  by  me 
which,  out  ofcuriofity,  I  have  kept  three  or 
four  years  in  a  damp  clofet;  between  the  fepa 
rating  laminse  of  which  the  vitriolic  falts  ap¬ 
pear  in  very  beautiful,  tranfparent  chryflals  ; 
fome  of  them  white,  and  others  of  an  elegant 
golden  colour,  of  an  auftere  fubacid  tafte,  and 
totally  foluble  in  Water, which  they  tinge  with  a 
beautiful  yellow.  Thefe  fairs  appear  in  fpeci¬ 
mens  of  coal  which  have  no  other  vifible  parts 
•  -  of 

#  Uift.  of  foRIIs,  p.  614. 
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of  the  pyrites  about  them ;  and  it  is  probably 
from  hence,  that  the  dealers  in  coals  judge  of 
their  quality  by  the  tafte,  and  fay  that  all  good 
coliIs  tafte  of  fait :  But  I  cannot  look  upon  this 
to  be  any  criterion  of  the  quantity  of  bitumen. 
I  have  been,  informed  that  large  quantities  of 
thefe  falts  frequently  hang  down  from  the 
roofs  of  the  workings ;  from  all  which  it  ap¬ 
pears  evidently,  that  they  are  not  confined  to 
the  pyrites  alone,  but  are,  in  fome  raeafure, 
difperfed  through  the  whole  ftratum. 

As  both  the  coal  and  pyrites  contain  a  large 
quantity  of  fulphur ;  it  is  no  wonder  that  fome 
of  our  Waters  fhould  be  a  little  impregnated 
with  it.  I  have  feen  fome,  fpecimens  of  the 
pyrites,  in  the  middle  of  which,  when  they 
werebroken,  aquantity  of  fulphur  appeared  uni¬ 
ted  to  fome  other  fubftance  more  friable  than 
the  pyrites,  and  not  unlike  the  coarfeft  kind  of 
auripigmentum :  But  as  I  have  no  fpecimen  of 
it  by  me,  I  have  not  fubjeeled  it  to  any  expe¬ 
riments.  However  there  are  but  a  few  of  our 
Waters  which  fhew  any  marks  of  fulphur, 
which  are  dilcoverable  by  the  tafte  or  fmell,  and 
when  they  do,  it  is  generally  in  a  final!  degree. 

Sc- 
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Several  of  our  coal  Waters  are  ftrongly  im r 
pregnated  with  iron,  and  depofite  a  thick  o- 
chreous  cruft  on  the  bottom,  and  Tides  of  the 
channels  through  which  they  run.  But  the 
iron  is  contained  in  very  different  proportions, 
and  combined  with  very  different  falts  ;  as  ap¬ 
pears  from  the  various  colours  which  the 


Waters  exhibit,  when  galls  are  infufed  in  them  ; 
fome  of  them  being  aim  oft  red,  others  purple, 
a  deep  blue,  black,  or  green,  which  laft  is,  I  be¬ 
lieve,  generally  a  mark  of  the  calcareous  nitre. 
We  have  a  fountain  in  GaJknvoate  of  an  evi- 

O 


dent  chalybeate  tade  ;  which  with  galls  turns 
frit  to  a  faint  purple,  and  after  handing  twelve 


hours  to  a  beautiful  green. 

The  felenitical,  calcareous  and  abforbent 
earths,  appear  in  large  quantities,  in  feveral  of 
our  coal  Waters,  fo  as  greatly  to  obftruft  the 
working  of  the  fire-engines ;  for  they  form 
very  thick  incruftations  in  the  large  boilers, 
which  are  ufed  in  thefe  engines,  fo  that  in  a  lit¬ 
tle  time  they  would  be  rendered  ufelefs  ;  and 
therefore  when  the  incruftation  is  formed  to 
about  the  thicknefs  of  half  an  inch,  our  peo¬ 
ple  are  obliged  to  put  out  the  fire*  and  fet  men 

-»  .  s  4  ji 
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into  the  boiler,  to  clear  it  out  with  picks ;  and  in 
fome  engines  they  are  forced  to  do  this  once 
in  a  week  or  ten  days  ;  whilfl  others  will  go  a 
month  or  longer  without  it.  But,  what  is  wor¬ 
thy  of  obfervation  here,  is  that  the  tops  of  the 
boilers,  and  the  fleam  pipes,  or  apertures  by 
which  the  fleam  rifes  into  the  cylinders,  nay 
the  infide  of  the  cylinders  themfelves  are  all 
lined  by  thefe  flony  incruflations.  Thofe  which 
line  the  cylinders  are  indeed  an  advantage  to 
the  working  of  the  engine,  for  they  fill  up  the 
little  cavities  or  inequalities;  and  the  conflant 
motion  of  the  piflon  gives  them  a  polifh,  al- 
moft  as  hne  as  that  of  glafs  ;  by  which  means 
the  pifton  is  both  air-tight,  and  moves  eafily. 
I  have  picked  off  fome  of  this  matter  from  an 
old  cylinder  that  was  nearly  as  hard  as  flint. 
But  I  mention  this  here,  as  a  full  demonftration 
that  the  earthy  or  flony  parts  of  Water  are  car¬ 
ried  off  in  great  quantities  with  the  fleam  ;  and 
therefore,  in  our  analyfes  of  Water,  we  fhould 
be  very  cautious  of  uflng  too  great  a  degree 
of  heat.* 

Lead  is  found  in  mod  parts  of  this  neigh¬ 
bourhood, 


*  See  page  34. 
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hourhood,  though  it  has  not  yet  been  taken  up 

in  fuch  large  quantities  near  this  town,  as  at 
fome  diftance  from  it;  yet  a  few  years  ago,  as 
I  am  informed,  upwards  of  fix  tons  of  lead  ore 
and  fpar  were  found  in  the  colliery  of  'Byker, 
about  two  miles  from  this  town  :  At  Ravenf- 
wortb ,  Tbrockley ,  and  other  places  round  us, 
there  have  been  very  fair  appearances  of  it ; 
and  it  is  moftly  found  in  thofe  breaks  or  inter¬ 
ruptions  of  the  feaais  of  coal,  which  are  very 
frequent  all  through  this  country,  and  by  our 
workmen  are  called  dykes.  The  fbrata  of  coal 
lie  nearly  horizontal,  but  generally  inclining  or 
dipping  towards  the  louth  eaft.  But  the  veins  of 
had  generally  run  nearly  perpendicular,  as  do 
the  dykes;  which  leaves  great  room  to  conjec¬ 
ture  that  mofr  of  thefe  dykes  may  be,  if  not  ap¬ 
parent,  yet  latent  veins  of  lead,  which  by  cro fi¬ 
fing;  the  lighted:  (irata  of  the  coal,  will  throw 

o  o 

one  part  of  them  feveral  fathoms  above  the  o- 
ther ;  and  fometimes  cut  them  entirely  away, 
to  the  no  frnall  mortification  of  our  adven¬ 
turers. 

Spars  and  marcafites  of  various  kinds  are 
found  both  amongft  our  coal  and  lead  ore; 

o  7 

but  more  frequently,  and  in  greater  variety, 

a- 
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amonsft  the  latter ;  and  fome  of  thefe  fubftan- 

o 

ces  are  found,  by  long  experience*  to  be  of  a 
very  poifonous  nature.  Whether  they  contain 
arfenic,  as  Mr  Boyle*  and  others  have  fufpaft- 
ed,  I  pretend  not  to  fay  ;  but  we  know  well 
that  feveral  of  them,  efpecially  when  expofed 
to  the  air,  are  equally  noxious  with  arfenic  it- 
fell,  their  modus  operandi  equally  obfcure,  and 
their  effects  equally  dreadful,  though  fometimes 
more  variable.  In  Aljlon-moor ,  ^Alien-heads q 
Hexham-fhire ,  Darweni ,  and  other  places,  it 
is  well  known  that  no  poultry  can  live  near  the 
warnings  of  the  lead  ore;  and  this  is  generally 
fuppofed  to  be  owing  to  the  fpars,  cryftals,  or 
marcafltes  which  are  wafhed  away  from  the  ore, 
and  either  picked  up  by  the  fowls  in  fub  fiance, 
or  taken  in  by  means  of  the  Water  impregnated 
with  them.  "This  Water  is  known  to  injure  or  de- 
ftroy  horfes  or  other  cattle  which  are  unwarily 
allowed  to  drink  it ;  and  though  experience  has 
taught  the  inhabitants  to  keep  their  cattle  pretty 
much  from  it,  yet  misfortunes  fometimes  hap¬ 
pen,  fufficient  to  keep  thefe  effects  within  obfer- 
vation  and  memory. 

From 

*  Experimental  Hift.  of  Mineral  Waters.  §ylV.  art.  15, 
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That  thefe  cryflals  and  fpars  have  been  in  a 
fluid  ftate  is  evident  even  from  their  fliape  and 
firuclnre ;  and  from  their  daiiy  formation  in 
the  roofs  of  old  mines,  where  they  are  found 
to  hang  down  like  icicles:  And  by  the  experi¬ 
ments  of  Dr  Hill  it  is  unexceptionably  proved 
that  Spring  Water  generally  contains  a  much 
greater  quantity  or  fpar,  than  has  been  imagin¬ 
ed  ;  and  that  a  body  which  has  all  the  proper¬ 
ties  of  true  cryftal  will  rife  by  heat  in  the  com¬ 
mon  method  of  dif  filiation.^ 

It  does  not  at  ail  afieft  our  prefent  argu¬ 
ment,  whether  thefe  fubftances  be  diffolved  in 
Water  or  only  fufpended  in  it;  it  is  natural  to 

fup- 

*  This  ingenious  and  indefatigable  naturalift  took  ferae 
Water  from  various  fprings,  and  diftilled  it  bv  a  glafs  cucur- 
bite  of  three  feet  in  length  with  a  flow  fire  in  a  find  heat  ; 
and  he  fays  it  afforded  ftich  different  quantities  of  this  ftony 
matter,  as  were  fcarce  to  be  conceived  ;  in  difiilling  the  Wa¬ 
ter  of  the  fame  faring  alfo  at  different  times,  and  with  very 
different  degrees  of  fire,  he  procured  very  different  quantities 
of  this  ftony  matter,  and  that  exactly  according  to  the  de¬ 
gree  of  fire,  the  itrongeft  always  affording  the  fmalleft  quan¬ 
tity  of  Pediment,  the  flowed:  fire  the  greateft. 

Upon  diftilling  fome  Water  from  the  fpring  in  Hyde-Park, 
after  this  manner,  three  times  over,  he  procured  a  fmali 
quantity  of  white  fediment  from  the  fecond  dift illation,  but 
none  from  the  third  ;  and  this  fediment  appeared,  upon  re¬ 
peated  experiments  to  .have  all  the  properties  of  true  cryftah 
Hill's  Hi  ft.  of  fofiils,  p.  156. 
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fuppofe  that  the  W ater  from  which  thefe  /pars 
and  cryftals  are  originally  formed,  and  in  which 
thefubftance  is  contained,  will  probably  partake 
of  their  properties. 

From  the  difficulty  which  fome  have  found 
in  making  a  perfect  folution  of  arfenic  in  finl- 
pie  Water,  it  has  been  queffioned  whether  any 
natural  fprings  can  contain  this  fubftance  ;  nay 

fome  have  faid  that  it  is  almolf  impoffible  they 

-*• 

fhould. 

It  is  true  that  Mr  Boyle  did  not  procure  a 
folution  of  arfenic  in  fimple  cold  Water;  the 
reafon  of  which  was  that  he  did  not  purfue 
his  experiments  upon  it;  and,  with  his  ufual 
goodnefs  and  candor*  he  tells  us  that  he  was  in 
hafte,  and  not  at  all  fond  of  having  to  do  with 
arfenic  ;  for  which  reafon  he  caufed  that  which 
he  had  mixed  to  be  preTently  thrown  out,  to 
prevent  dangerous  miftakes  j  but  hill  thought 
it  a  fubjeft  worthy  of  further  enquiry.* 

Dr  Mead  fays  that  white  arfenic  is  entirely 
foluble  in  Water;  and  if  one  part  of  it  be  fuf- 
fkiently  boiled  in  fifteen  parts  of  diflilled  or 
rain  Water,  it  gives,  by  evaporation,  (alts  of 

I  tri- 

*  Experimental  Hiftory  of  Mineral  Waters,  §IV.  art.  13 
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triangular  planes,  which  unite  into  oftoedrai 
cryfials.f 

Mr  Baker  fuppofes,  from  comparing  fomo 
of  his  experiments  with  this  affertion  of  Dr 
Mead's,  that  there  may  be  a  difference  in  arfe^ 
nic  ;  for  that  he  could  never  procure  fuch  a 
folution;  and  though  he  boiled  fmall  quanti¬ 
ties,  for  a  long  while  together,  in  much  lar¬ 
ger  proportions  of  Water,  to  the  confumption 
of  the  greateft  part,  he  always  found  moft  of 
the  arfenic  at  the  bottom  undiffolved:  Yet  he 
gives  an  undeniable  inftance  of  its  folubility, 
from  the  experiments  of  Dr  Mddington ,  as  re¬ 
lated  in  the  trial  of  the  unhappy  Mifs  Blandy . 
This  gentleman  boiled  ten  grains  of  powdered 
arfenic  in  four  ounces  of  Water,  which  he  fil¬ 
tered,  divided  into  five  equal  parts,  and  put  in¬ 
to  as  many  glades.  On  pouring  into  the  firft 
glafs  a  few  drops  of  fpirit  of  fal  ammoniac,  it 
threw  down  a  few  particles  of  a  pale  fediment. 
Some  lixivium  of  tartar  poured  in  to  the  fecond 
produced  a  white  cloud,  hanging  a  little  above 
the  middle  of  the  glafs.  Strong  fpirit  of  vitri¬ 
ol  poured  into  the  third,  made  a  confiderable 

pre- 
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precipitation  of  a  lightifli  coloured  fubftance, 
which  hardened  into  glittering  cryftals,  (ticking 
-to  the  Tides  and  bottom  of  the  glafs.  Spirit  of 
of  fait  poured  into  the  fourth,  precipitated  a 
lightifli  coloured  fubflance.  Syrtip  of  violets 
in  the  fifth,  produced  a  beautiful  pale  green 
colour.* 

The  great  Linn  tens  gives  it  as  a  principal  cha- 
ra&eriftic  of  arfenic,  that  it  is  Solubile  in  aqua 
calida  et  aliis  liquor ibusff  Hoffman  and  feve- 
ral  others  agree  in  the  fame  thing ;  but  it  is 
needlefs  to  produce  more  authorities ;  as  it  is 
now  univerfally  known  that  arfenic  will  dif- 
folve,  and  that  with  very  little  difficulty  in 
boiling  Water.  That  which  I  have  tried 
comes  very  near  to  Dr  Mead’s  proportion  ;  for 
the  Water  fufpended  about  a  fifteenth  part  of 
its  weight  by  boiling:  Indeed,  after  it  was  fil¬ 
tered  and  cooled,  a  confiderable  part  was  form¬ 
ed  into  oftoedral  chryftals,  wffiich  adhered  ve¬ 
ry  firmly  to  the  fldes  and  bottom  of  the  phial ; 
but  the  water  appeared  hill  to  be  very  flrongly 
impregnated  with  them ;  it  made  a  quick  and 

large 

#  Baker's  employment  for  the  microfcope,  p.  136. 
f  Syftema  Natur.  torn.  Ill,  p.  117. 
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l^rge  precipitation  which  fugar  of  lead;  and 
when  evaporated,  formed  into  a  great  number 
of  cryftals,  which  appeared  through  the  mi- 
crofcope  to  be  moftly;  of  the  octoedral  kind 
with  triangular  fides,  but  not  quite  equal  nor 
regular  ;  nor  had  they  all  the  fame  number  of 
fides,  and  feme  of  them  were  quadrilateral 
prifms  terminating  in  pyramids  at  each  end;  as 
(a  ).  Others  were  hexanguiar,  and  _ 

'  -/  o  *  PIG.  XI 

others  appeared  like  two  pyramids 
with  triangular  .(ides  joined  together  at  the  bafe; 
as  ( < e)  ;  and  when  collected  together  by  the 
drying  of  the  W ater,  they  appeared  exactly  like 
a  piece  of  the  common  white  cryflal  in  our 
lead  mines;  as  ( bj . 


This  fhews  that  Water  will  not  fpontanc- 
oufly  precipitate  the  arfenical  falts,  but  remain 
ftrongly  faturated  with  them,  though  Mr  Ba¬ 
ker  feems  inclined  towards  a  contrary  opinion. 

As  there  feemed  to  be  much  doubt  whether 
arfenic  would  diffolve  in  cold  W ater,  I  put  an 
ounce  of  arfenic  into  a  phial, and  poured  upon  it 
fix  ounces  of  diftilled  Water,  perfectly  cold,  and 
letting  it  hand  two  days  in  my  window,  it  ap¬ 
peared  rather  thick  and  turbid ;  part  of  the 

arfe- 
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arfenic  laid  like  a  fcum  on  the  top,  but  the 
greateft  part  funk  to  the  bottom  ;  upon  (bak¬ 
ing  the  phial  and  fetting  it  down  again,  fome 
parts  of  the  arfenic  feemed  to  afcend,  and  o- 
thers  to  dele  end.  I  then  filtered  it  through 
four  folds  of  ftrong  cap' paper,  and  it  appeared 
perfectly  bright  and  limpid  ;  and  did  not,  like 
the  decoction  of  arfenic,  depofite  any  cryftals. 

I  then  filled  a  watclwglafs  with  this  infufion, 
and  fet  it  before  the  fire  to  evaporate;,  as  the 
Water  exhaled,  the  glafs  was  covered  over  with 
white  femi-tranfparent  cryftals  which, ‘when 
viewed  through  the  microfcope,  appeared  of 
the  fame  fhape  with  the  others,  but  lefs ;  and 
rather  more  in  number,  and  fome  of  them, 
which,  as  I  apprehend,  prefented  their  ends  to 
the  eye,  as  at  ( dj ,  appeared  with  little  black 
fpots  in  the  middle.  I  was  the  more  particular 
in  this  obfervation,  as  1  do  not  remember  to 
have  feen  any  defeription  or  reprefentation  of 
cryftals  from  a  cold  Infufion  of  arfenic  before. 

Whether  there  may  not  be  a  difference  in 

arfenic  I  cannot  fay :  That  which  I  ufed,  was 

procured  from  a  worthy  honeft  druggift  in  this 

town;  it  was  not  perfectly  white,  but  in  the 

lump,  had  a  yellqfvifh  caft,  though  nothing 

like 


r 
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like  what  we  call  yellow  arfenic,  and  when 
powdered  it  was  nearly  white. 

Upon  mixing  one  penny -weight  of  arfenic, 
and  two  of  fait  of  wormwood,  the  mixture  to¬ 
tally  diffolved  in  afcout  two  ounces  of  W ater, 
in  a  very  little  time,  when  fet  before  the  fire, 
in  little  more  than  a  blood  heat :  This  folution 
was  not  near  fo  bright  when  filtered  as  either 
the  deco<5lion  or  infufion ;  and  a  little  of  it  e- 
vaporated  in  a  watch-glafs  left  a  dark  brown 
fediment,  which  feemed  totally  to  diffolve, 
\vhen  I  put  a  little  of  it  into  the  microfcope 
with  a  drop  of  diftilfed  Water.  The  cryfials 
of  this  folution  were  different  from  either  of 
the  other,  being  compounded  of  the  two  falts, 
though  fiill  fome  few  of  the  arfenical  ones  ap- 
peared  detached,  whilfl  the  reft  appeared 
fpongy  and  ramified,  as  in  Fig.  xii. 

From  all  this  it  appears,,  that  arfenic  unites 
more  eafily  and  readily  with  Water  by  the  in¬ 
tervention  of  an  alcaline  fa  ft :  That  heat  facili¬ 
tates  its  folution  :  But  that  a  confiderable  quan¬ 
tity  of  it  will  diffolve  in  pure  Water,  without 
any  other  heap  than  that  ol '  the  common  air. 
May  we  not  then  be  allowed!  to  fufpeft,  that  it 

may 
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may  be  contained  in  mineral  Waters.  Farther, 
as  this  poifon  is  commonly  found  among  ft  mi¬ 
nerals,  and  if  we  know  that  Water  comes 
from  grounds  abounding  in  metals,  marcafites, 
and  fpars ;  ought  we  not  to  be  particularly  fuf- 
picious  and  doubtful  ?  left,  upon  a  few  injudi¬ 
cious,  imperfect  experiments,  and  Inconclufive 
reafoning,  we  build  fuch  a  falfe,  fuch  a  dange¬ 
rous  fecurity,  as  may  too  late  bring  us  to  re¬ 
pentance. 

Who  can  pretend  to  explain,  or  who  knows 
all  the  actions  of  fluids  upon  mineral  fubftances? 
The  vitrum  ahtimonii  does  not  diflblve  in  white 
wine,  at  leaft  no  experiment  has  yet  fhewn 
that  it  does ;  yet  a  very  fmail  quantity  of  it 
Infufed  in  any  of  the  fharper  fermented  liquors 
will  diffufe  a  ftrongly  medicated,  and  in  feme 
cafes  a  poifonous,  quality  through  the  whole  ; 
and  yet  it  lofes  no  fenfible  part  of  its  weight : 
If  you  pour  frefti  white  wine  upon  the  fame  re- 
gulus  or  glafs  of  antimony  for  a  thoufand 
times,  if  you  pleafe,  the  laft  fhall  be  equally 
flrong  with  the  fir  ft.  Pour  on  an  ounce,  a  pint, 
or  a  gallon,  they  fhall  all  be  of  the  fame 
ftrength  and  efficacy:  An  ounce,  or  an  ounce 

and 
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and  half,  of  this  infufion  will  be  ftrongly  eme¬ 
tic;  and,  in  all  probability,  half  a  pint  of  it 
would  endanger  the  life  of  the  ffouteft  man  : 
Yet  if  we  attempt  to  explain  how  this  is  done, 
by  what  kind  of  folution,  by  what  difpofitf- 
on  of  parts,  or  by  what  mechanical  operati¬ 
on,  we  are  loft  in  an  inextricable  labyrinth. 
Neither  can  we  reafon  any  better  about  the 
changes  which  Water  may  undergo,  in  paffing 
through  the  ftrata  of  different  minerals ;  or 
what  parts  it  may  take  either  from  fpars,  mar- 
cafltes,  or  arfenical  ores :  Neither  can  we  always 
determine  with  precifion,  which  of  thefe  par¬ 
ticles,  or  how  many  of  them,  may  not  imme¬ 
diately  injure  the  conftitution ;  or  what  quan¬ 
tity  may  not,  like  a  flow  poifon,  ad  impercep¬ 
tibly  and  unfufpeded.  Yet  we  may  furely  be 
fenfible  of  fads,  and  be  allowed  to  reafon 
from  analogy  ;  and  when  effeds  are  the  fame, 
we  naturally  aftlgn  the  fame  caufe  :  Upon 
our  perception  of  the  agreement  or  difagree- 
ment,  the  fimilarity  or  diffimilarity,  of  thefe 
effeds,  depends  all  our  phyfical  knowledge. 
And  whatever  concluflons  are  fairly  drawn 
from  experiment,  muff  be  admitted  as  true  and 

juft 
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jUft,  or  nearly  fo,  till  other  appearances  occur, 
by  which  they  may  be  confirmed  or  rendered 
exceptionable.  Thefe  rules  of  philofophifing 
are  taken  from  the  great  Sir  Ifaac  Newton  ; 
and  by  following  them  with  patience  and  afli- 
duity,  we  may  have  daily  opportunities  of  in- 
veftigating  truths  of  importance.  If  they  be 
neglected,  and  our  conclufions  built  upon  the 
flippery  foundation  of  affumed  hypothefes,  wre 
are  foon  bewildered  in  error,  or  loft  in  blind 
fecurity. 

I  have  been  the  more  particular  upon  this 
fubje<5t,  becaufe  I  apprehend  that  the  exiftence 
of  arfenic  in  mineral  Waters  has  been  by  feme 
rather  too  peremptorily  denied  ;  becaufe  that 
even  the  leaft  ground  of  fufpicion,  in  an  affair 
of  fuch  confequence,  deferves  our  ferious  at¬ 
tention  and  diligent  inquiry.  That  this  or  other 
minerals  fimilar  to  it  have  exifted  in  Waters 
we  have  ftrong  hiftorical  evidence  that3 

K  from 

*  About  two  leagues  from  P  aderborn ,  in  Germany ,  is  a 
treble  fpring  called  Met  horn  which  has  three  dreams  ;  one 
of  which  holds  much  orpiment,  &c.  and  all  the  birds  ob- 
ferved  to  drink  of  it  die.  And  fome  of  this  Water,  being 
carried  home,  was  given  to  hens,  after  they  had  eaten  oats, 
barley  and  bread  crumbs,  and  foon  after  they  had  drank  of 

it 
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from  feveral  circumftances  in  the  mineral  hif- 
tory  of  this  neighbourhood,  and  from  vari¬ 
ous  appearances  in  the  Waters  themfelves,  we 
have  juft  caufe  to  fufpe<ft  fome  of  our  Ip  rings, 
I  fhall  fhew  prefently  ;  and  fhall,  without 
either  hopes  of  favour  or  fear  ofrefentment,  lay 
before  the  public,  my  impartial,  though  perhaps 
defective,  inquiry.  The  benevolent  friends  of 
mankind  can  never  be  injured  by  the  inveftiga* 
tion  of  truth  ;  the  infolent  menaces  of  thofe 
who  prefer  their  own  private  concerns  to  the 
welfare  of  mankind  I  fhall  treat  with  fcorn,  and 
the  illiterate  jargon  of  the  ignorant  with  con¬ 
tempt.  The  candid  reader  will  excufe  this  lit¬ 
tle  Tally  of  warmth,  when  I  inform  him  that 
my  experiments  and  conclufions  have  been 
publicly  cenfured  before  they  were  known, 
and,  my  proportions  charged  with  falfehood 
before  they  were  delivered  :  But  I  beg  leave  to 

allure  him  farther,  that  the  bafe  and  ungene¬ 
rous 

it,  they  became  giddy,  reeled  and  tumbled  upon  their  backs, 
with  convulfion  fits  ;  and  died  with  a  great  extenfion  of 
their  legs.  Giving  them  common  fait  after  they  had  drank, 
they  died  not  fo  foon  ;  giving  them  vinegar  they  died  not  at 
all,  but  in  feven  or  eight  days  after  were  troubled  with  the 
pipp.  Loiuthorfs  abridgment  of  thephiiofoph.  tranf.  voi.  II, 
p.^31. 
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rous  treatment  which  I  have  received  fhall  not 
make  the  lead  alteration,  either  in  my  fubfe- 
quent  trials,  or  the  relation  of  them :  Philofo- 
phy  knows  no  fuch  influence ;  I  fhall  therfore 
immediately  proceed  to  the  examination  of  fe^ 
veral  particular  fprings  in  this  neighbourhood  ; 
and,  as  many  of  them  are  impregnated  with 
vitriol  from  the  coal-mines,  I  fhall  begin  with 
one  of  the  worft. 


Vitriolic  Coal-Water. 

IN  the  neighbourhood  of  JeJmond  near  this 
town,  a  quantity  of  wade  Water* *  iflues 
out ;  which  prefently  depoiites  a  very  large 
ochreous  fediment,  changes  the  colour  of 
the  brook  into  which  it  runs  for  a  confide- 
rable  way,  and  covers  its  fides  and  bottom  with 
a  thick  reddifh  cruft. 

It 

*  By  the  term  waftes,  in  this  country,  is  generally  meant 
thofe  large  fubterraneous  cavities  which  are  left  after  the 
working  of  a  colliery  is  finifhed,  a  proper  number  of  pillars 
being  left  tofupport  the  roof;  thefe  cavities  are  fometimesof 
prodigious  extent,  and  of  a  confiderable  height.  The  en¬ 
gines  being  removed,  thefe  cavities  are  generally  filled  with 
Water,  for  the  fpace  of  a  great  many  acres  ;  which  Water 
will  make  its  way  at  the  firft  outlet,  and  is  generally  called 
wahc-water. 
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It  has  a  thick,  Alining  party  coloured  film, 
at  the  top. 

It  tafles  very  hrongly  of  vitriol  and  heel. 

With  powdered  galls  it  turned  in  handy  to  a 
fine  deep  blue,  and  upon  (landing  a  little,  to  a 
fine  black  ;  and  upon  increasing  the  quantity  of 
galls,  and  bringing  them  to  a  due  proportion, 

X  doubt  not  but  that  it  would  make  tolerable 
good  ink. 

With  folution  of  fugar  of  lead  it  made  a  large 
white  precipitation. 

With  folution  of  quick-filver  no  change. 

With  lixivium  of  tartar  a  ftrong  green  preci¬ 
pitation. 

It  curdles  with  foap  but  don’t  lather. 

Its  fpecific  gravity  was  to  that  of  rain  Water 
as  1 35145  to  134720  ;  the  difference  425  or 
about  nr  part  of  the  whole. 

It  left  upon  evaporation  a  large  orange  co¬ 
loured  fediment,  in  the  proportion  of  240 
grains  to  a  gallon. 

o  o 

Five  grains  of  this  refiduum  put  upon  the  hot 
iron  melted  and  crackled  a  little,  then  left  a 
brown  fubflance,  which  weighed  3^  grains. 

After  the  fait  wras  well  wraflied  out,  there  re¬ 
mained 


Fig.  V. 
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mained  a  fediment  of  a  dark  brown  colour 
which  weighed  rVA  of  a  grain* 

The  fait  feparated  from  the  refiduum,  had  ra¬ 
ther  a  green Ifh  caft ;  tafted  highly  vitriolic;  when 
it  began  fir  ft  to  cryftallize,  the  fmalleft:  parts  of  it 
appeared  through  the  microfcopeas^at 
[a  a  a.)  but  afterwards,  as  thefe parts 
o f  it  collected  together,  by  the  Water’s  dry¬ 
ing,  they  formed  into  larger  cryftals,  fome  of 
which  were  flatten’d  parallelepipeds  with  rhom- 
boidal  fides,  and  a  fcabrous  furface  as  (bb.')  and 

*  4 

others  were  hexaogular  prifrn s  with  unequal  fides 
genera  ly  appearing  broken  and  jagged  at  one 
end,  and  terminating  in  an  unequal  pyramid  at 
the  other  as  (c  c. )  and  when  a  number  of  thefe 
were  collefted  together  they  formed  into  rows, 
making  angles  about  the  edge  of  the  drop,  fome- 
thing  fimiiar  to  thofe  of  an  irregular  fortifi¬ 
cation- 


I  did  not  fubjeft  this  Water  to  any  farther 
trials,  as  I  judged  thofe  abovementioned  fuffi- 
cient,  to  fhew  it  improper  for  aim  oft  any  ufe 
in  life  ;  nor  have  I  yet  tried  any  other  of  the 
fame  kind,  though  we  have  a  number  of  them 
in  this  neighbourhood3  and  perhaps  fome  of 

them 
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them  flronger  of  vitriol  than  this,  which 
do  not  ftill  come  up  to  the  vitriolic  Wa¬ 
ters  at  Shadwell ,  Ki threw ,  the  copper  fpring  in 
Ten/ylvania,  and  others  mentioned  by  Dr  Rut¬ 
ty fome  of  which  produced  from  1320  to 
3200  grains  of  refiduum  in  a  gallon. 
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AN  attempt  was  made  (ometime  ago,  to  o- 
pen  a  colliery  near  the  village  of  Cox- 
Lodge ,  between  three  and  four  miles  to  the 
northward  of  this  town  :  But  after  they  had 
bored  a  confiderable  depth  to  examine  the 
ffrata,  they  came  to  a  pretty  large  quantity  of 
Water;  which,  finding  vent  by  the  bore  hole, 
and  beingin  a  low  fituation,  iffued  out  in  a  pretty 
large  quantity,  viz .  at  the  rate  of  about  fifty  hog- 
jflieads  an  hour,  and  was  farmed  by  a  company  for 
fupplying  this  town  ;  but  it  remains  yet  to  be  de¬ 
termined  how  far  it  is  fit  or  unfit  for  that  purpofe. 

This  Water  as  it  comes  out  appears  pretty- 
bright  and  limpid,  fparkles  in  the  glafs,  and 
fliews  a  good  many  bubbles  under  an  exhauft- 
ed  receiver.  Its 
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Its  fpecific  gravity  upon  one  trial  was  to  that 
of  rain  Water  as  1349460  to  1348650  the  dif¬ 
ference  8  i  o  being  t£sz  °f  the  whole ;  but  upon  * 
another  trial,  which  I  believe  was  rather  more 
accurate*  it  was  as  1348959  to  1348145  the 
difference  814,  making  T*T7  of  the  whole. 

When  frcfh  taken  it  fmells  and  talks  very 
fenfibly  of  fulphur ;  and  if  it  be  kept  in  bottles 
clofe  corked,  it  retains  this  fmell  and  talk  for  a 
long  time*  but  if  it  be  expofed  to  the  air  it 
foon  lofes  it. 

With  fpirit  of  vitriol  it  makes  a  fenfible  ebul¬ 
lition  but  no  precipitation. 

With  powder  of  galls  a  bright  amber. 

With  fyrup  of  violets  a  bright  fkong  green 

With  alh  bark  a  blue  inclining  to  a  deep 
pea  green. 

With  lixivium  of  tartar  no  change. 

With  a  folution  of  fugar  of  lead  it  became 
immediately  white  and  turbid,  and  made  a 
large  precipitation. 

Itdidolved  Cajlile  foap  readily  and  fmooth, 
without  curdling,  and  lathered  well. 

I  evaporated  three  fpecimens  of  it,  taken  at 
different  times,  viz.  the  fird  upon  the  fourth  of 

Oc- 


So 
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October  1765),  the  fecond  on  the  twentieth  fol¬ 
lowing;  and  the  third  on  the  fifteenth  of  June 
1770.  The  refldua  being  weighed  and  part  of 
them  calcined  upon  a  hot  iron,  after  the  man¬ 
ner  directed  in  page  36.  a  gallon  of  each  produ¬ 
ced  as  follows,  viz. 


Whole  refidu. 

Calcined  do. 

Earth. 

Calcined  fait. 

on. 

4. 

58,8oO£r. 

27,000  gr. 

8,320  gr. 

i8s68o^r. 

ditto 

20. 

49>5°4 

27,504 

8,192 

19,312 

June 

1 5  • 

36,872 

24,000 

6,563 

19,840 

By  which  experiments  it  appears  that  not¬ 
withstanding  the  refldua,  chiefly  from  the  dif¬ 
ferent  degrees  of  moifture,  when  they  had 
been  a  little  expofed  to  the  air,  wTere  in  diffe¬ 
rent  proportions ;  yet  the  quantity  of  fixed  fait 
in  each  was  very  near  the  fame.  The  firft  indeed 
contains  a  little  lefs  proportion  of  this  fait  than 
the  fecond  ;  and  the  fecond  a  little  more  than 
the  third :  It  is  to  be  obferved,  farther,  that  a 
gallon  of  the  Water,  ufed  in  the  firfl  experi¬ 
ment,  contained  almoft  two  grains  more  earth 
than  that  in  the  laft  ;  to  which  I  afcribe  the 
different  colour  and  appearance  of  the  refldua  ; 
for  the  fir  ft  had  a  pretty  full  brown  hue,  the 
fecond  was  fomething  lighter,  and  the  third  ai¬ 
med  white,  but  they  all  produced  the  fame 
effects  upon  the  following  trials : 

They 
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They  effervefced  very  ftrongly  with  fpirit  of 
vitriol,  vinegar  and  lemon  juice. 

They  turned  fyrup  of  violets  to  a  ftrong 
bright  green. 

When  rubbed  with  crude  fal  ammoniac,  they 
emitted  a  pungent  fmell. 

With  folution  of  quickfiiver  a  large  orange 
coloured  precipitation. 

With  oil  of  vitriol  great  heat  and  efferve- 
fcence,  plentiful  light  coloured  acid  fumes,  and 
a  pungent  acrid  fmell,  but  very  different  from 
that  of  the  ftjrong  fpirit  of  nitre,  aqua-fortis,  or 
fpirit  of  fait. 

A  little  of  the  grofs  refiduum  rubbed  on 
frefh  mutton  and  beef  turned  them  to  an  in- 
tenfe  dark  red  upon  boiling,  and  upon  com¬ 
paring  it,  in  different  trials,  it  reddened  meat 
more  than  the  calcareous  refidua  from  fome  of 
our  hardeft  Waters. 

The  firft  refiduum  which  was  procured 
061-  4.  melted  and  rather  bliftered  upon  the 
hot  iron,  but  I  did  not  obferve  this  appearance 
in  the  other  two. 

Upon  feparating  the  falts  frorii  the  earth 
they  bore  the  proportion  of  about  2 T\v  io  one, 

b 
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in  the  firft  cafe,  2Tw  to  one  in  the  fecond,  and 
3  to  one  in  the  third. 

The  earthy  parts  in  each  were  of  a  brown 
colour,  but  thofe  of  the  firft  were  the  darkeft, 
upon  calcination  they  were  mixed  with  white, 
eftervefced  pretty  evidently  with  fpirit  of  vitriol, 
and  appeared  to  confift  of  about  equal  parts  of 
abforbent  and  calcareous  earth. 

The  falts,  as  they  appeared  through  the  ml- 
crofcope,  when  they  firft  began  to  cryftallize, 
formed  into  little  fpiculse,  which  attra&ing  one 
another,  feme  ran  into  irregular  little  ^ 

rIG  111 

figures  as  thofe  at  (V)  and  (b).  O- 

■  » 

thers  of  them  were  colle&ed  into  fafciculi,  as 

* 

at  (cj.  Others  were  beautifully  ramified,  as  at 
(d),  but  fome  of  thefe  branches  extended 
much  farther  than  is  reprefented  in  this  part  of 

'A 

the  figure ;  and  upon  the  drop  of  Water  eva¬ 
porating,  the  greateft  part  of  the  fait  formed  in¬ 
to  a  fpongy  porous  fubftance,  fimilar  to  that 
defcribed  in  Dr  Hill's  account  of  the  natrum*, 
and  which  is  well  reprefented  in  the  figure  ( ee )% 
Upon  neutralifing  this  fait  with  weak  fpirit 

of  vitriol,  it  formed  into  cryftals,  notunlike  thofe 

of 


*  Hiftory  of  Foffils,  p.  387. 
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of  the  Glauber  fait ;  and,  for  fome  time  after 
dropping  in  the  fpirit  of  vitriol,  it  emitted  an  a- 
greeable  fmell,  fomething  refembling  that  of 
dulcified  fpirits  of  nitre,  or  rather  that  of  frefh 
currant-jelly. 

The  refiduum  of  this  Water  corroded  the 

1 

polifhed  brafs  difh  of  the  fcales  in  which  it  was 
weighed,  leaving  a  number  of  little  black  fpots 
upon  it :  And  upon  boiling  a  quantity  of  it  in 
a  brafs  pan,  it  produced  the  fame  effe<fl,  but  in 
a  greater  degree,  leaving  a  thick  ruft  upon  the 
fides  and  bottom  of  the  pan. 

As  this  Water  flows  in  a  mineral  country, 
and  through  ftrata  which  are  yet  unknown,  but 
which  probably  contain  large  quantities  of  the 
cryftal,  marcafites,  and  fpars  abovementioned ; 
as  thefe  bodies  are  either  originally  formed 
from  the  Water,  or  frequently  found  to  be 
fufpended  in  it,  and  to  convey  a  poifonous  qua-^ 
lity  to  it ;  and  as  this  Water  particularly  con¬ 
tains  a  fait,  by  the  means  of  which,  arfenic  and 
fubftances  fimiliar  to  it,  are  more  eafily  fufpend¬ 
ed  in  Water,  and  more  intimately  mixed  with 
it ;  and  ;  as  it  (hewed  fome  marks  of  a  cor- 
rofive  quality  ;  I  thought  it  neceflary  to  re¬ 


move 
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movethefe  objections,  and  uncertainties  as  far  as 
I  well  could.  I  therefore  tpok  thirty  grains 
of  the  refiduum,  and  mixing  it  into  balls  with 
oatmeal,  I  put  it  down  the  throat  of  a  young, 
chicken,  which  I  kept  in  my  room  the  whole 
day ;  but  it  was  not  apparently,  difordered  :  I 
fed  it  repeatedly  that  day  with  oats,  which  it 
eat  as  ufual,  and  fhewed  no  fign  of  injury,  ex¬ 
cepting  that  its  excrements  were  foftened  more 
than  cornmor),  and  of  a  darker  colour*  It  was 
afterwards  fed,  for  a  fortnight  or  three  weeks, 
along  with  other  chickens  of  the  fame  hatch¬ 
ing,  wras  killed  at  the  fame  time  with  them,  and 
appeared  upon  the  table  to  be  equally  fat  and 
in  good  condition. 

This  experiment  may  convince  us,  that  there 
was  no  confiderabie  quantity,  of  any  thing  im¬ 
mediately  pernicious,  in  the  refiduum  ;  for,  if 
there  had,  we  might  reafonably  fuppofe,  that  it 
would  have  injured  fo  young  apd  tender  an 
animal.  But  yet  we  mud  not,  from  hence, 
carry  our  conclufions  too  far ;  nor  can  we,  I 
apprehend,  juftly  infer,  from  a  fingle  experi¬ 
ment  of  this  kind,  that  the  Water  contains  no¬ 
thing  in  it  which  may  be  prejudicial  to  the  fau- 

t  .  ■  •  *  ■  •  ■  j 
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man  confHtution.  For,  the  ftomachs  of  fowls 
and  their  manner  of  digeftion  are  widely  diffe¬ 
rent  from  ours ;  and  that  which  may  produce 
little  or  no  vifible  effchl  upon  one  trial,  may,  by 
frequent  repetition  and  con  flan  t  perfeverance^ 
be  found  to  be  of  confiderable  and  confpicu- 
ous  efficacy.  Befides,  it  does  not  appear,  nor 
can  it  appear  Satisfactorily,  by  any  of  our  expe¬ 
riments,  what  parts  may  be  thrown  off  by  eva¬ 
poration,  or  how  far  them  oft  active  particles  of 
mineral  poifons  may  be  volatije:  We  know 
that  feme  of  the  vegetable  ones  are,  nay  we 
know  that  arfenic  itfelf  is  fo  in  fome  degree ; 
though  indeed  upon  evaporating  a  folution  of 
arfenic,  we  find  a  confiderable  quantity  of  crys¬ 
tals  left,  yet  we  cannot  pofitively  affert,  that 
none  fly  off  in  vapour  ;  and-  our  experiments 
and  rcafonWs  are  hitherto  found  inadequate 
to  the  comprehenfion  of  all  the  properties  of 
mineral  poifons,  their  manner  of  operation, 
or  even  their  mode  of  exigence.  But  by  long 
experience  and  observation,  difeoveries  may  be 
made,  which  may  either  confirm  or  remove 
our  doubts  and  fufpicions ;  and  afford  us  a  bet¬ 
ter  Security  than  can  be  expefred  f  rom  a  few 
hafty  trials  and  uncertain  conjectures. 


The 


86 


Cox-Lodge  Water. 


The  fait  contained  in  this  Water,  both  from 
the  figure  of  its  cryftals,  and  the  experiments 
made  upon  it*  agrees,  in  mod  refpe<5ts,  with  the 
natron  of  the  ancients.  It  is  manifeftly  alca- 
line,  though  it  differs  very  widely  from  the  ar¬ 
tificial  alcali,  and  from  the  calcareous  nitre; 
h  will  not,  when  mixed  in  any  proportion 
which  I  have  tried,  coagulate  milk,  which  both 
the  others  are  known  to  do  ;  nor  could  I  find 
by,  tailing  it,  that  nitrous  coolnefs  upon  the 
tongue,  which  is  remarked  of  the  natron.  The 
pungent  fmell  which  it  acquires,  upon  its  being 
rubbed  with  fal  ammoniac  is  as  ftrqng,  in  my 
opinion,  as  that  procured  by  the  artificial  al¬ 
cali  ;  though  I  think  it  does  not  effervefce  fo 
‘ffrongly  with  acids;  nor  have  I  ever  yet  oh- 
ferved  it  to  run  per  deliquium,  as  the  artificial 
alcalies  do,  though  it  does  attrafi:  a  good  deal 
of  moifture.  However,  it  will  appear  from  all 
the  experiments  above  recited,  that  m oft  of  its 
properties  are  fimiliar  to  thofe  of  the  common 

>  t  t 

fixed  alcalies,  from  whence  we  may  fafely  con¬ 
clude.  that  it  will  have  the  following  effects,  in 
the  common  ufes  of  life  : 

t.  It  will  boil  peafe  and  other  grain  foft,  e- 
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ven  more  fo,  and  in  lefs  time  than  rain  or  river 
-Water. 

2.  It  will  boil  greens,  fuch  as  cale,  brocoli, 
&c..  tender  and  of  a  good  colour. 

3.  It  will  make  a  ftrong  and  good  coloured 
infufion  of  green  tea  ;  but  will  be  attended 
with  this  inconvenience,  that  it  will  ext  raft 
moft  of  the  flrength  of  the  tea  upon  the  firfl: 
drawing. 

4.  It  will  anfwer  very  well  for  the  wafting 
of  linen,  and  will  require  lefs  foap  than  moft  o- 
ther  Waters  in  this  neighbourhood;  but  it  will 
not  do  for  rinfing  the  foap  out  of  them,  nor 
for  ftarching,  as  the  linen  thus  rinfed  and 
ftarched  will  contrail  damp,  and  become  dila- 
greeably  foft. 

5.  It  will  probably  make  a  ftrong  infufion 
of  malt,  but  how  it  will  anfwer  in  fermentati¬ 
on,  I  dare  not  pofitively  fay,  having  never  tri¬ 
ed  it 

5.  It  will  be  apt  to  boil  meat  red  and  foft, 
and  to  take  away  the  hardnefs  and  curd  of  fife. 

But,  as  it  is  propofed  to  ftpply  many  thou- 
fand  people  with  this  Water,  the  moft  impor¬ 
tant  inquiry  is  what  Influences  it  will  probably 

have 
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have  upon  their  health  and  conftkutioii ;  or 
■what  effects  or  changes  the  daily  and  indiferi- 
minate  ufe  of  thefe  fairs  will  produce  in  the  a- 
nimal  fluids :  And  as  the  learned  Boerbaave 
has  given  us  a  full  and  concife  account  of  the 
medicinal  effects  of  the  alcaline  fairs,  I  {hail 
make  no  apology  for  giving  it,  as  nearly  as  I  am. 
able,  in  the  fenfe  and  meaning  of  an  author  of 
fuch  undoubted  knowledge  and  authority*. 

The  firfl  effect  which,  he  fays,  the  alcaline 
fairs  have  upon  the  human  body  is,  that  they 
doftroy  the  acids,  \yhich  are  few,  except  in  the 
frinifi  vide,  and  of  the  mild  vegetable  kind. 

2*  If  they  meet  with  an  acid  in  the  human 
body,  they  effervefee,  excite  bubbles  of  air, 
flatulencies  and  eructations ;  they  return  into 
a  neutral  fait,  which  being  harmlefs,  penetra¬ 
ting,  aperient,  diaphoretic,  diuretic  and  anti- 
feptic,  produces  new  effects,  arifing  from  this 
newly  formed  fait,  and  not  fo  properly  aferibed 
to  the  alcalies,  though  fubfequent  upon  their 
ufe. 

3.  By  the  aftion  of  this  effervefccnce  they 
fHmulate  the  nerves,  put  the  animal  fpirits  in 
motion,  and  change  the  former  motions  of  the 

nerves 

*  Chem.  voE  ii.  p,  58. 
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nerves  and  fpirits :  Hence  they  often  cure  hy¬ 
pochondriacal  and  hyfterical  fpafms,  and  the 
diforders  depending  upon  them ;  as  we  learn 
from  the  famous  anti-emetic  of  Riverius :  whilft 
the  alcali,  drank  in  the  a  ft  of  effervefcence  with 
lemon-juice,  removes  the  cholera  and  the  mod 
obftinate  vomitings,  incurable  by  any  other 
method. 

4.  They  attenuate  whatever  is  connected 
with  the  acid:  Therefore,  when  prudently 
given  ;  they  produce  a  fine  effect  upon  coagu- 
lums  of  milk,  and  happily  refoive  other  tena* 
cious  fub fiances. 

5.  They  attenuate  whatever  is  glutinous,  oily- 
or  fat,  and  commodioufly  mix  it  with  Water, 
from  hence  they  are  deterllve  :  And  hence, 
fpots  of  greafe  are  cleared  away  by  the  lixivium 
of  thefe  falts,  as  is  well  known  to  fullers, 
wafhers  and  dyers:  Therefore,  by  their  mode¬ 
rate  ufe,  they  clear  the  chylopoietic  laboratory 
from  its  glutinous  foulnefs. 

6.  They  refoive  the  coaguiums  of  the  bile, 
lymph,  blood  and  ferum  ;  being  admitted  into 
the  veiled,  and  there  agitated  by  the  vis  vitas. 

7.  By  their  acrid  fiimulus  they  put  in  mo- 
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don  what  is  inert ;  hence  they  promote  the 
urine  fweat  and  faiiva,  and  move,  the  belly. 

8.  Therefore  wherever  there  is  an  inert,  tough, 
mucous  pituity ;  a  confequent  acidity  of  the  ve¬ 
getable  aliment  in  the  prims  vi# ;  the  fubftance 
or  effect  of  an  auftere  acid,  iiianifefted  in  coa- 
guiums ;  an  abounding  colluvies  of  watery 
ferum  ;  tenacious  pinguious  concretions  ;  and 
the  diforders  often  arifing  from  thefe,  the 
dropfy,  jaundice,  leucophlegmatia,  gout,  rheu- 
matifm,  and  feurvy ;  thefe  falts  are  of  very  great 
fervice;  if  they  be  adminifi'ered  prudently, 
well  diluted,  in  filial!  dofes  and  at  proper  times. 
That  fpecies  of  gout,  which  arifes  from  too 
much  acidity,  can.  fcarce  be  more  happily  cured 
than  by  the  fparing  and  long  continued  ufe  of 
alealine  fait :  But  yet  it  ought  not  rafhJy  to 
be  recommended  as  an  univerfal  remedy  again  ft 
the  gout,  bec&ufe  it  is  prejudicial  to  fiich  gouty 
perfons,  as  are  of  a  bilious  conftitution,  and 
whofe  humors  already  fpontaneoufly  tend  to¬ 
wards  a  putrid  alcali. 

p.  Their  ufe  is  pernicious  in  all  cafes  where 
the  native  falts  begin  to  degenerate  into  tile 
acrid,  alealefeent,  putrid  kind.;  and  where  the 

natu- 
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natural  oils  of  our  body  Incline  towards  an 
acrid,  foetid,  putrid,  rancid,  volatile  dlfpofl- 
tion  ;  manifefted  by  their  offenfive  exhalations 
and  the  high  colour  of  the  urine :  They  are 
more  efpecially  definitive  when  the  bile  ap¬ 
pears  to  be  in  this  Rate,  and  when  the  humours 
are  too  much  diifolved,  fluid  and  tending  to 
putrefcency  ;  hence  In  the  plague  they  are  im¬ 
mediate  poifon ;  and  in  inflammations,  fuppu- 
rations,  gangrenes,  mortifications,  continued 
putrid  fevers,  and  diforders  depending  upon 
too  great  a  velocity  ( of  the  blood )  their  inter¬ 
nal  ufe  mull:  be  entirely  prohibited. 

Dr  Lewis  gives  a  correfpondent  account  of 
the  operation  of  alcalies ;  and  very  juftly  an- 
fvvers  an  objection  which  arifes  from  Tome  late 
experiments,  in  which  they  were  found  to  re¬ 
fill  putrefaction  in  the  fluids  and  folids  of  dead 
animals ;  by  ihowing,  that  their  aClion  upon 
living  animals  mu  ft  be  very  different,  as  they 
apparently  increafe  the  colliquation,  with  which 
all  putrid  difeafes  are  accompanied.* 

Dr  Huxham  like  wife  gives  us  fome  inflances 
of  the  fatal  effects  of  thefe  falts  upon  thofe 
,  who 

*  i 
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who  have  for  a  long  time  together  taken  the 
Ibap-lees,  or  thealcalious  faponaceous  hotch¬ 
potch  of  Mrs  Stephens ;  and  fays,  it  evidently 
appears  that  the  blood  by  thefe  means  is  diffol- 
ved  and  becomes  putrefcent,  and  that  the  urine 
becomes  alcalious.* 

A  great  many  more  authorities  might  be  pro¬ 
duced,  were  it  neceffary  ;  but  I  apprehend 
enough  has  been  faid,  to  convince  any  rational 
and  unprejudiced  perfon,  that  Water  abound¬ 
ing  with  alcaline  falts  can  never  be  proper 
for  common  ufe. 

It  is  of  no  avail  to  fay,  as  it  has  been  faid  pub¬ 
licly  and  repeatedly  of  Cox-Lodge  Water,  that 
in  fome  cafes  it  may  be  beneficial ;  this  is  furely 
acknowledging  its  efficacy  as  analcali;  and  if  it 
has  efficacy  to  do  good,  by  deftroying  the  acids 
or  attenuating  the  vifcid  humours  ;  furely  it 
muff  have  efficacy  to  do  harm,  where  thefe 
acids  are  too  few,  or  thefe  humours  already  too 
thin.  Farther,  when  ufed  by  perfon s  in  perfect 
health,  which  health  mod  certainly  depends,  in 
fome  meafure,  <upon  the  due  proportion  of 
geids,  and  the  proper  texture  or  confidence  of 

the 
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the  animal  fluids,  it  muft  deftroy  the  equili¬ 
brium,  and  therefore  molt  inevitably  bring  on 
diforders.  Nor  will  it  be  allowed  that  the  quan¬ 
tity  of  alcali  in  Cox-Lodge  Water  is  too  fmall  to 
produce  effects  of  this  kind  ;  for,  it  will  ap¬ 
pear  that,  by  conftant  ufe,  it  muft  and  will  ope¬ 
rate  powerfully  as  an  attenuant  The  Waters 
of  A ix-la- chapelts  do  not  appear  to  contain  a 
larger  proportion  of  alcali  than  thofe  of  Cox- 
Lodge  ;  and  yet  they  are  found,  by  long  tak¬ 
ing,  to  render  the  urine  alcaline,  as  do  thofe  of 


Carolsbadt  in  Bohemia*  If  there  be  a  fuffici- 


ent  quantity  of  alcali  to  pafs  through  the 
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the  kidneys,  and  produce  this  effect  upon  the 
prine ;  who  ftiail  fay  that  it  will  not,  in  fome 
degree,  attenuate?  That  it  will  not  diftolve  the 
blood,  difpofe  it  to  putrefaction,  and  bring  on 
or  heighten  thofe  putrid  fevers,  dyfenteries, 
alcalefeent  fcurvies,  and  other  diforders,  to 

e  i  -  -  ■  ■  ■  * 

which  the  numerous  labouring  people  in  this 
town,  from  their  diet  and  manner  of  living* 
are  peculiarly  fubjeCt? 

Every  one  knows  the  frequent  neceffity  of 

plep- 
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plentiful  diluting  in  ardent  fevers ;  and  if  an 
alcaii  be  indifcriminately  mixed  with  the  necef- 
fary  diluent,  what  rational  phyfician  can  an- 
fwer  for  the  event  ?  In  cafes  of  internal  haemorr¬ 
hages,  where  large  draughts  of  cold  W ater  have 
been  found  of  fignal  fervice,  the  mixture  of 
thefe  falts  would  often  defeat  the  intention. 

Upon  all  thefe  accounts,  and  for  other  ob¬ 
jections  which  might  fill  be  made,  I  apprehend 
that  no  intelligent  and  unprejudiced  phyfician 
will  recommend  this  Water  for  the  common 
life  of  this  town,  where  the  health  of  upwards 
of  forty  thoufand  people  is  at  flake ;  more 
efpecially  as  Water  which  is  much  more  fimple 
and  pure,  better  in  every  refpeCt,  and  much 
more  in  quantity  can  eafily  be  obtained.  Nor 
can  I  believe  that  a  gentleman  of  Dr  Lewis's 
known  learning,  great  abilities  and  ftriCt  inte¬ 
grity,  could  ever  have  been  induced  publicly  to 
join  in  fuch  recommendation,  had  he  been  fully 
and  impartially  informed  of  feveral  particulars 
which,  upon  account  of  his  diflance  from  this 

place,  he  could  not  well  be  acquainted  with. 
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The  Fountains  in  Newcastle. 

OUR  public  fountains,  or  pants,  as  they  are 
ufually  called  here,  are  fupplied  from  va¬ 
rious  fprings  in  this  neighbourhood,  the  bell 
and  mod  approved  of  which  come  from  fame 
fifing  grounds  to  the  weftward  of  this  town. 
I  have  not  as  yet  had  the  opportunity  to  try 
them  all,  and  they  vary  fo  much  in  different 
feafons,  that  experiments  upon  them  might  be 
aimoft  endlefs ;  for  lome  of  them  afford  tole¬ 
rably  good  Water  at  one  time,  and  in  a  few 
days  the  Water  which  comes  from  them  will 
be  fo  hard,  and  loaded  with  nitre  and  vitriol, 
that  it  is  fit  for  nothing  but  the  waffling  of 
rooms  or  other  Rich  purpofes.  This  difference, 
I  apprehend,  arifes  chiefly  from  the  different 
quantities  of  rain  Water,  which  happens  to  be 
in  the  ground ;  for  in  wet  feafons  the  Water 
from  thefe  fountains  is  generally  fcft,  the  pro¬ 
portion  of  nitrous  and  vitriolic  felts  being  lefs  ; 
though  at  all  times  there  is  an  evident  mixture  of 
them  :  However  fome  of  them  are,  in  general, 
tolerably  good,  as  will  appear  from  the  follow¬ 
ing  fpecimen,  which  is  taken  from  a  fountain 
or  pant  near  to  Sir  Walter  Blackett's  houfe  in 
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GPi!grim-Jireet ;  and  I  am  informed  that  many 
families  in  the  upper  parts  of  the  town,  and  a- 
nother  public  fountain  or  two  are  fupplied 
from  the  fame  fpring. 

I  examined  this  Water  the  1 2th  of  laft  July, 
in  a  wet  feafon.  It  was  limpid  and  well  tafted. 

Its  fpecific  gravity  was  juft  the  fame  with 
filtered  rain  Water. 

It  made  a  frnall  white  cloud  with  folution  of 
fugar  of  lead. 

With  lixivium  of  tartar  no  change. 

It  diffolved  foap  uniformly,  and  lathered  well. 

It  did  not  change  the  colour  of  fyrup  of 
violets. 

A  gallon  of  it,  upon  evaporation,  left  1 8Ty  f^ 
grains  of  refiduum,  of  a  light  brown  colour, 
rather  of  a  brackifh  tafte,  and  attracted  moif- 
ture  very  faft. 

The  refiduum  efFervefced  ftrongly  with  the 
vitriolic  acid,  rafted  white  fumes,  in  fine  11  re- 
fembling,  though  not  quite  the  fame,  with  thofe 
of  fpirit  of  fait. 

Five  grams  upon  a  hot  iron  cradled,  and 
run  into  a  light  grey  lump,  very  friable;  and 
whilit  warm,  weighed  3  W  grains,  but  increafed 
very  faft.  The 
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Fig*  II 


The  earth  in  this  part  weighed  Ia%%,  *was 
of  a  dark  brown  colour,  and  neither  effcrvefced 
nor  diflolved  in  fpirit  of  vittioL 

The  cryftals,  when  viewed  through,  the  mi- 
erofcope,  were,  fome  of  them,  almoft  equilate¬ 
ral,  hexagonal  prifms,  with  fome  little  irregular 
protuberances  as  (a);  others  were 
rhomboidal  of  different  fizes  as  (b)  ; 
others  flattened  cubes,  with  a  fcabrous  furface 
as  (c)  ;  and  fome  fmall  fpicuiae,  part  of  which 
were  feparate  as  at  (dj,  and  othets  collefted 
into  little  branches  as  at  (e). 

Thefe  cryftals  are  evidently  a  mixture  of  the 
nitrous  and  muriatic  kind,  though  none  of  them., 
which  I  have  yet  feen,  anfwer  perfectly  to  ei¬ 
ther  Lifters  or  Short' s  defcription  of  the  cal¬ 
careous  nitre,  the  cryftals  of  which  they  repre- 
fent  as  confiding  of  four*  five,  or  fix  unequal 
parallelogram  fides,  terminating  at  one  end  in 
a  pyramidal  form  by  plain  triangles,  and  having 
the  other  end  more  obtufe  and  cuneiform,  and 
formed  by  two  Plane  fquares  as  rep- 
refented  in  (re).  But  the  whole  con¬ 
tents  of  this  W ater  3re  fo  fmall,  and  confiding  of 
fo  many  different  parts,  that  if  we  confider  the 

cffeft  of  the  perfe&ly  inert  earth,  or  each  of 

N  the 
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the  feparate  falts,  we  can  fcarcely  imagine  it  to 
hurt  this  Water. 

The  other  fountains  in  this  town  are,  in  wet 
feafons,  nearly  equal  to  this  ;  but  they  vary  fo 
greatly,  that  it  is  almoft  impoffible  to  afcertain 
their  properties ;  therefore,  under  fuch  diffe¬ 
rence  and  uncertainty,  I  fhall  not  trouble  my 
reader  with  the  many  analyfes  which  I  have 
made  of  them. 


Felon  Water. 


ABOUT  two  or  three  miles  from  this  town, 
on  the  fouth  fide  of  the  river,  a  large 
Ip  ring  of  fine  bright  Water  rifes  at  the  foot  of 
an  hill,  juft  by  Felon-Hall ,  belonging  to  Charles 
Brandling ,  Efq;  This  Water  is  much  admired 
for  its  tafte  and  colour ;  and  is  daily  brought 
to  this  town  upon  horfes,  where  it  is  ufed 
chiefly  for  drinking  and  making  of  tea,  a- 
mongft  fome  of  the  politer  families. 

Its  fpecific  gravity  is  to  that  of  rain  Water  as 
134760  to  r  3742 1,  the  difference  making 
of  the  whole.' 

It  (park led  much  in  the  glafs,  was  very  clear, 
and  exceedingly  pieafant  to  drink. 

It 
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It  diffolved  foap  (lowly  and  without  curd¬ 
ling,  but  does  not  lather  well. 

With  lixivium  of  tartar  it  made  no  change  at 
fird ;  but,  after  four  hours  (landing,  a  fmall 
cloud,  and  next  morning  a  very  little  white 
precipitation. 

With  fugar  of  lead  a  large  white  cloud  and 
precipitation. 

With  afh  bark  a  blue  colour,  when  held  be¬ 
twixt  the  eye  and  the  light,  when  held  oppo- 
fite  to  the  light,  a  green. 

A  gallon  of  this  Water  upon  evaporation  left 
22t7o6o8o  grains  of  a  dufky  coloured  refiduum, 
which  attracted  moiflure  very  fad  and  almoft 
run  per  deliquium. 

The  refiduum  tailed  aluminous  and  rather 
fweet. 

It  turned  fyrup  of  violets  to  a  light  green. 

With  lixivium  of  tartar  no  change. 

With  the  vitriolic  acid  a  (Irong  ebullition, 
white  fumes,  and  a  peculiar  fmell,  though 
fomething  refembling  the  nitrous  kind. 

Five  grains  of  this  refiduum  upon  the  hot 
iron  melted  and  bliftered  ;  afterwards  calcined 
to  a  white  powder,  which  weighed  whild 
warm  grains. 


The 
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The  calcined  earth  in  this  part  of  the  reft- 
duum  was  large  in  proportion,  weighing  2-rifk 
grains,  of  a  light  grey  colour. 

The  cryftals  when  viewed  through  the  mi- 
crofcope,  both  before  and  after  calcination, 

were  very  irregular  :  that  marked  (a)  _  xrr 

J  0  •  v  '  Rj[G.  Vi. 

appeared  in  two  or  three  obfer va¬ 
rious  of  the  uncalcined  fait,  but  I  few  no¬ 
thing  fimilar  to  it  after  calcination ;  all  the  red 
were  feen  both  in  the  calcined  and  uncalcined 
lab;  ;  and  appear  to  me  to  be  a  mixture  of  the 
calcareous  nitre  and  feme  aluminous  kind  of 
fait ;  but  the  final Inefs  of  the  quantity  prevent” 
ed  me  from  making  any  feparatiop,  which  could 
be  fatis factory. 

Though  this  Water  is  remarkably  pleafantto 
the  tade,  and  has  been  found  by  long  experi¬ 
ence  to  anfwer  very  well  in  the  brewing  of 
malt  liquor ;  yet  it  is  evident,  from  the  above 
experiments,  that  it  has  feme  fmall  degree  of 
hardnefs ;  but  the  quantity  of  felts  are  fo  ex¬ 
ceeding  fmall,  that  it  is  almoft  impoffible  they 
feould  betray  themfelves  to  the  talre,  and  of  fuch 
a  kind  as  we  can  fcarcely  fufpedt  of  injuring  the 
confliturion ;  and  even  in  wafhing,  though 

feme- 
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femewhat  more  foap  may  be  requifite,  it 
will  be  but  a  final!  inconvenience.  It  is  there¬ 
fore  of  great  ufe  to  the  neighbourhood  through 
which  it  runs ;  but,  from  the  fituation  of  the 
place,  and  want  of  a  proper  defcent,  it  cannot 
conveniently  be  brought  in  pipes  to  this  town. 


Westg  at  e-Hill  Waters. 


SOME  very  fine  fprings  of  Water  come 
from  a  hill-fide,  at  the  Weft-end  of  this 
town,  on  each  fide  of  the  military  road  leading 
to  Carlifle ,  in  the  grounds  of  Mr  Slnderfhn  ; 
which  are  very  well  fituated,  as  to  level,  and 
would  anfwer  exceedingly  well  forfupplying  this 
town,  in  every  refpefl  but  one,  and  that  indeed 
a  very  material  one,  the  quantity,  which  would 
fcarcely  be  fufficient  for  the  whole  town. 

But  a  good  deal  of  it  is  brought  in  carts  to 
thofe  houfes  which  are  nearelf  to  it,  and  it  is 
found  to  be  very  good  for  brewing  and  all 
domiflic  purpofes ;  though  as  this  Water 
breaks  out  at  three  or  four  different  places,  it 
is  not  all  of  the  fame  degree  of  purity.  That 
which  I  have  analyfed,  is  not,  as  I  have  reafon 
to  believe,  the  beft  of  them  ;  for  another,  up¬ 
on 
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on  the  oppofite  fide  of  the  road,  was  more 
tranfparent  upon  the  very  touchy  tryal  of  mix¬ 
ing  it  wkh  fugar  of  lead 

The  fpecimen  which  I  tried  fparkled  well 
in  the  glafs,  left  no  ochreous  or  other  fediment 
in  its  channel,  was  very  clear  and  bright  ;  talk¬ 
ed  cool,  pleafant  and  foft. 

Its  fpecific  gravity  exceeded  that  of  rain 
Water  only  by  T  of  the  whole. 

It  diffolved  foap  uniformly  and  readily  ,with- 
out  any  cloud  or  curdling  and  lathered  well. 

With  lixivium  of  tartar  it  made  no  change. 

With  fugar  of  lead  a  very  fmall  cloud,  bare¬ 
ly  perceptible. 

With  powdered  galls  a  bright  amber. 

With  fyrup  of  violets  a  dufky  blue;  but  the 
next  morning  I  imagined  it  rather  altered  to¬ 
wards  a  greenifh  caft. 

With  afh-bark  a  bright  amber,  with  a  green 
circle  about  the  edge  of  the  glafs,  when  held 
betwixt  the  eye  and  the  light ;  when  opposite 
to  the  light,  a  very  deep  pea-green  bordering 
upon  a  blue. 

A  gallon  of  it  yielded,  upon  evaporation 

28-rwe  grains  of  fediment,  of  a  light  colour,  and 
a  cool  nitrous  tafte. 
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This  refiduum  made  no  fenfible  ebullition 
with  fpirit  of  vitriol ;  nor  with  lixivium  of  tar¬ 
tar  ;  nor  no  pungent  fmell  when  rubbed  either 
with  crude  fal  ammoniac  or  fixed  ajcali. 

Upon  the  hot  iron  it  neither  melted  nor 
crackled,  nor  could  1  perceive  any  fumes  or 
fmell :  Five  grains  of  it  calcined  to  a  white  pow¬ 
der,  which  weighed  whillt  warm,  3^0  grains. 
The  earth  wafhed  from  this  weighed  -Mo  of  a 
grain. 

The  cryffals  were  mofily  long,  with  four 
unequal  Tides,  and  appeared  jagged  ^ 
or  broken  at  the  ends,  but  fome  of 
them  were  irregular  rhomboids,  as  faj. 

The  earth  was  evidently  calcareous. 


Pump  Water. 


"'HE  Pump  Waters  in  this  town  are  mod 
of  them  hard  and  unfit  for  feveral  pur- 
pofes ;  fome  of  them  indeed,  which  I  have  tried, 
are  a  little  better  than  others ;  but,  as  the  dif¬ 
ference  is  not  great,  I  fhall  only  inflance  in  one 
of  the  beftandmofi  in  ufe,  fituated  in  Wejlgate- 
Jlreet ,  near  the  vicarage, 

The 
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This  Water  when  frefti  taken  is  tolerably 
bright,  and  not  very  difagreeable  to  the  tafte. 
Several  of  the  inhabitants  in  the  neighbourhood 
think  that  it  draws  tea  well,  and  gives  it  its 
full  and  agreeable  flavour ;  but  it  leaves  a  very 
thick  crufl:  upon  the  infide  of  a  tea-kettle  in 
which  it  is  conftantly  ufed. 

Its  fpecific  gravity  is  to  that  of  rain  Water  as 
I35023  to  134826,  the  difference  197  being 
nearly  sh  of  the  whole. 

It  reddens  mutton  and  beef ;  but  boils  fifli 

and  greens  well. 

It  crudles  with  foap,  and  makes  no  lather. 

With  lixivium  of  tartar,  a  white  precipitate. 

With  foiution  of  fugar  of  lead,  a  ftrong  white 
precipitate. 

With  fyrup  of  voilets,  a  faint  green.. 

With  galls,  a  deep  amber. 

With  afh  bark,  a  light  greenifh  blue  at  thcl 
furface  ;  and  after  handing  fome  time,  it  ap- 
appeared  biue  all  through. 

A  gallon  of  it  upon  evaporation  left  88 
grains  of  a  light- coloured  refiduum,  which  is 
more  by  eight  grains  than  Dr  Heberden  ever 
found  in  the  pump  Waters  in  London  *  ;  but  as 

It 
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But  upon  examining  dia,cT] 
lu f^re^toTTnHTTS.tAfiofe  in  the  natural  fete 
differed,  very  litflc^fat  alljfrqnythafew  h  ich  were 
calcined  along  with  the  other  parts  of  thefrefidii- 
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thi4i6tfef;  Bht'dll  the  variety,  lien,  in  Fig.,  IX  , 
wa^'.fduhll  hrbofh.  The  greateft  part  of  them 
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were  flatted  parallelepipeds  and  cubes  as  (a\ 

and  (b)  and  fome  veryTpeffect  hexangular 
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prifms,  as  (V).  All  thefe  had  remarkably  fmooth 
furfaces,  but  I  found  none  of  them  terminating 
in  pyramids.  Some  of  the  fmaller  ones,  at 
their  firft:  formation,  appeared  of  a  different 
kind,  and  collected  into  fafciculi,  like  bundles 
of  {mall  rods  tied  at  the  middle  as  (*/),  and 
others  were  irregularly  difperfed  as  (/). 

From  all  which  it  is  evident,  that  this  Water 
is  loaden  with  nitre,  fome  muriatic  fait,  and 
a  large  quantity  of  felenitical  and  calcareous 
earth.  And  we  muft  from  hence  conclude,  that 
the  conftant  and  long-continued  ufe  of  it  mud 
be  prejudicial  to  health,  as  it  will  have  a  direfr 
tendency  to  form  obftruCtions,  <&c.*  and  will 
be  found  very  unfit  for  mod  domeftic  purpofes. 


Of  River  Water. 


AS  Rivers  are  chiefly  compofed  of  Waters 
from  different  fprings,  they  might  be  ex¬ 
pected,  in  fome  meafure,  to  partake  of  the  pro¬ 
perties  of  thofe  fprings  and  rivulets  which  run 
into  them :  The  different  foils  or  beds  through 

which 
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which  they  run  may  likewife  communicate  fome 
part  of  their  contents  to  the  Water;  and  hence 
we  find  that  the  Waters  of  fome  rivers  have  dif¬ 
ferent  properties ;  thofe  of  the  Seine*  at  <Tarisf 
for  inftance,  are  purgative,  efpecially  to  ftrangers; 
the  fame  is  obferved  of  the  Nik  at  Cairo .  Add 
to  this  the  number  of  fifhes  and  other  animals, 
the  leaves,  bark  and  roots  of  trees,  with  a  variety 
of  vegetable  fubftances  which  are  found  in  mod 
rivers ;  and  near  large  and  populous  towns  the 
quantities  of  filth  and  heterogeneous  fubftances 
which  are  mixed  with  them  ;  when  we  confi- 
der  all  this,  we  are  naturally  led  to  imagine, 
that  river  Water  would  generally  be  very  im¬ 
pure* 

Yet  nature  generally  provides  a  remedy  a- 
gainft  all  thefe  inconveniences ;  and  it  is  a  great 
inftance  of  the  goodnefs  of  providence,  that 
thofe  Waters,  which  are  moft  in  quantity, 
the  eafieft  obtained,  and  moft  generally  ufed, 
are  rendered,  by  the  courfe  of  nature,  the  moft 
beneficial,  and  are  beft  adapted  to  our  health 
and  convenience.  For  river  Waters  do,  in 
a  wonderful  manner  very  foon  free  them- 
felves  from  moft  of  their  impurities ;  they  are 

in  this  refpetf:,  fim.iliar  to  rain  Water,  which 

in- 
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^fSVg^j  'MU  fciTiPm  MfRaiiallya® 

fearch.  pyqy  jofi of  %,  cafsjr Jjpld’  of Tw :hat<Aer  ■ 
comes  in  its  way,  and  carry  i,t  tblthe  .fides  ands 
bottom :  Aod,  jiaace  the,  WfW^FS.  of  J  the  mdd- 
dieh  rivers,  after,  they  have  properly  fubfided  in:i 
cifteps  qr  referyoirs,  are  -often  tJm  pnreft/ahdl 
brighte.fh ,  //  -,fte  ,m  hfm  ml  :d* 

$  3.4  In  the  cpurfe  of  Water  ithrpiigb die  cl^an~> 
nels  of  rivers,  the  fun  and  air  hive:  a  confidera- 

*  i  *  .*  *  >  a  *  ^  *  J  v  v  ..  ^ 

ble  effect  in  rendering  it  more  pure*  ^  : 

If  Water  be  a  little , hard,,  it  h  well  known  t© 
become  fofter  by  being  expofqd  to  the  fun  arid 
air :  By  what  mechanical  operation  this  is  ef¬ 
fected,  or  how  it  can  be  accounted  for,  may 

af- 
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afford  matter  of  fome  difpute;  perhaps  the 
heat  may  contribute  not  a  little  towards  it ;  for 
we  fee  fome  Waters  which  are  toaden  with  con¬ 
tents,  that  will  depoflte  a  great  part  of  them, 
efpecially  of  the  earthy  ones,  upon  being  mode¬ 
rately  warmed :  And  it  is  probably  upon  this 
account  that  fome  Waters  become  fofter,  mil¬ 
der,  and  more  agreeable  upon  boiling,  by 
dropping  thofe  earthy  or  calareous  parts,  which 
were  rather  fufpended  than  diffolved  in  them*. 
Butfuch  Waters  as  are  loaden  with  fixed  felts, 
will  generally  be  found  more  ftrongly  impreg¬ 
nated  after  boiling. 

Upon  this  account  thofe  rivers  which  take 
the  longed  courfe  are  thought  to  afford  the 
bed  Water,  as  they  are  more  and  longer  expo- 
fed  to  the  fun  and  air.  So  the  Water  of  the 
Ganges  has,  by  fome,  been  reputed  the  bed  in, 
the  world ;  and  upon  this  account,  I  think  I 
have  fomewhere  heard,  that  the  eaftern  mo- 
narchs  have  been  at  the  expence  of  carrying  it 
to  a  very  great  diftance.  To  this  caufe  P rof- 
per  Alplnus  attributes,  in  a  great  meafure,  the 

fuperior  excellence  and  purity  of  the  Nile' j~ ; 

which 

*  P arrival's  Exper.  and  Obferva.  p.  27. 
f  Med.  Egypt,  lib.  I.  cap.  10. 
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which  river  takes  its  rife  nearly  under  the  Tro¬ 
nic  of  Capricorn ,  and  running  through  the 
whole  breadth  of  the  torrid  zone,  empties  itfelf 
into  the  Mediterranean,  in  the  latitude  of  about 
32  deg.  north;  during  which  long  and  hot 
courle,  it  is  aimed:  boiled  by  the  fun,  precipi¬ 
tates  its  contents,  is  attenuated  and  cleared  of 
all  its  impurities. 

The  particular  colour  and  tafte  which  river 
Waters  contra#  from  vegetable  fubflances,  are 
indeed  more  permanent ;  fome  of  the  inhabi¬ 
tants  of  London  have  complained  of  the  new 
river  Water  in  this  refpe#,  efpecially  in  the  au¬ 
tumnal  feafon,when  a  great  many  leaves  of  trees 
are  blown  into  it;  but  I  do  not  remember  to 
have  obferved  this  particular  tafte  in  it,  though 
I  have  ufed  it  conftantly  for  fome  time. 


Thames  Water. 

THE  Waters  of  fome  rivers  are  very  apt 
to  putrefy,  efpecially  in  the  fummer  time. 
That  of  the  Thames  is  laid  to  become  offenfive 
in  feven  or  eight  days,  or  fometimes  fooner,  e- 
fpecially  when  it  is  kept  in  unfeafoned  cafks ; 
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an  fiftrS  'ffit&dt?'  federates  ■«  ’qtr 
^inrrf^k1l3r,  M¥iMf  H^'  feen  fool^ing  tlid 
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flariSboP  a?  '£aridld  tddbb4  Btihg'  hfelfc  ’dF  a  ca&£ 
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foi.  ifcrfbo9/prfri^4tfelf^n^Hk  fe^^dpieniiig^hd 
biapgjitjwHP  bftlti  bJc<kii£  fkih?  dfl 
feoufeyi iarid  fiteife  be  hir 

poured  to  and  fro:*  The  Jif4as 

Bkelvife>b!e€n'4ffdd  WIthTllcfeHs  ffiTdVdfa!  of*  oup 
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ing  pu4t©  the  bdttOrrih)$a?  jat*  of  j^aibof  ffm Icing 
’WgteFikndi  Mffo'iiii*  bid  Writhroh^iff,  thd  W  alter 
becomes  feebraiid^ ^  ; 


Many  of  our  fhips  in  the  coal  trade  take  in 
WaftfisSI mBWW^sgafe  :,  and  luch  of 
it  as  I  have,  feen ,  when  b rough t' td  Ncivcajl!e%  is 
cxeccdingiy  bright*  Hf  1 

r  *H\ £. r*-‘  fed  v  -*  4 ~A  ”  i*  |  t  ^  f' 

ipecmc  gravity  was  very  mor^  *  £ha$f  that 

of  filtered  rain  Water,  being  as $$#&§  MY 
J  347500  q  and  the. difference j93,,Ke#gr(ori|y- 

bf  the  whole  :  Notwkhftandingi  whkh  it 

•fe  bmombxu  m  '  "  4/6  v  y  - 

'  made 

j  /•  ■  1 
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made  a  thick  white  cloud  and  precipitation 
with  a  foliation  of  fugar  of  lead ;  and  a  very 
faint  cloud  with  lixivium  of  tartar. 


It  diiTolved  foap  readily,  and  lathered  well. 
With  galls  it  turned  a  bright  amber  colour, 
and  with  afn  bark  a  hidden  ftrong  green. 

A  gallon  of  it  upon  evaporation  yielded  gr. 
3  i  Tcrcb  of  a  brown  fediment ;  the  tafte  of  which 
was  (aline,  and  rather  auftere. 

It  effervefeed  very  ftrongly  with  fpirit  of  vi¬ 


triol,  and  emitted  white  fumes. 

Five  grains  of  it  crackled  and  melted  a  little 
upon  the  hot  iron;  and  afterwards  burned  to  a 
grey  powder  which  weighed  gr.  3  ra,  ;  and  the 
calcined  earth  feparated  from  this  weighed  gr. 
2fo9o,  it  effervefeed  and  partly  diiTolved  in  very 
ftrong  fpirit  of  vitriol. 

Some  of  the  cryftals  when  viewed  through 
the  microfcooe,  aoneared  like  bro- 

i  1  A  i 

ken  pieces  of  glauber  fait,  as  ( a J 
and  (b) ;  others  were  coile6led  into  irregular 
lumps,  one  of  which  is  exactly  reprefen ted  in  the 
figure  at  (e)  ;  and  a  good  many  cubical  cryftals, 
of  the  muriatic  kind,  feparate,  and  cfiftmft 
from  the  reft,  appeared  precifely  in  the  fame 


Fig.  VIII. 


manner  with  thofe  in  the  feventh  figure. 


From 


Tyne  Water. 


i  14 

Froni  which  it  appears,  that  a  gallon  of  the 
Water  contains  gr.  22-rio  of  refiduum,in  the  ftate 
in  which  it  came  off  from  the  hot  iron ;  of 
which  about  fifteen  grains  and  an  half  were  ab- 
forbent  and  calcareous  earth;  and  only  about 
fix  grains  and  a  half  of  muriatic  and  nitrous 
fait. 

As  this  Water  is  fo  well  known,  I  thought 
it  unneceflary  to  make  any  farther  experiments 
or  obfervations  upon  it,  and  thefe  above  men¬ 
tioned  will  help  any  one,  who  has  the  curiofity 
to  compare  them,  to  bring  the  other  Waters  to 
the  fame  ftandard. 


Tyne  Water. 


AS  the  Waters  in  mod  of  our  navigable  ri¬ 
vers  are  affe&ed  by  the  tides,  and  other 
circumftances,  it  may  not  be  improper  to  give 
a  fhort  fketch  of  fome  particulars  relating  to  the 
natural  hifiory  of  this  river,  which  may  be  fup- 
pofed  to  alter  the  property  of  its  Waters  at  dif¬ 
ferent  times,  before  we  proceed  to  relate  our 
experiments  upon  it. 

The  river  Tyne  rifes  from  different  fources ; 

fome 
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tome  of  them  about  fixty  miles  to  the  north 
weft,  and  others  about  fifty  to  the  weft  and 
fouth  weft  from  this  town ;  and  from  hence 
to  its  entrance  into  the  fea  at  Tynemouth ,  is  a- 
bout  ten  miles  ;  but  if  we  meafure  by  the 
windings  of  the  river  it  will  be  more  in  both 
cafes :  So  that  its  feveral  branches  fpread  over 
a  very  large  traft  of  country,  the  greateft  part 
of  which  abounds  with  collieries  and  lead 
mines,*  from  the  numerous  levels  and  en¬ 
gines  of  which,  immenfe  quantities  of  Water 
are  conftantly  flowing  in :  That  we  fhall  be 
much  within  compafs  if  we  aflert,  that  above 
half  of  the  Water  which  runs  by  New  ca file 
comes  from  the  mines ;  and  fometimes  the  wafte 
Waters  above  mentioned,']'  will  be  fuddcnly 
let  off  in  very  large  quantities,  or  what  the, 
workmen  call  hufhes,  and  will  apparently  dis¬ 
colour  the  river,  for  a  confiderable  fpace.  Yet 
fo  readily  and  entirely  does  the  river  clear  itfelf 
from  any  impurities,  which  it  might  be  fup- 
pofed  to  contract  from  hence,  that  I  have  never 
been  able  to  difcover  the  leaft  particle  of  any 
vitriolic  or  other  fubftances,  which  are  to  be 

found 
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found.  in  the  coal  Waters;  though  I  have  re*? 
peatedly  and  very  carefully  examined  it  at  dif¬ 
ferent  fcafons  of  the  year,  and  different  times 
of*  the  tide:  Indeed  I  apprehend  that  we  are 
much  indebted  to  the  tides  for  rendering  the 
river  Water  fo  pure  and 'good,  as  it  unqueffion- 
abiy,  is  in  this  neighbourhood; and  the  particu¬ 
lar  eourfe  and  channel  of  the  river  contribute, 

not  a  little,  to  this  effech 

\ 

1  lie  channel,  betwixt  Newcaftk  and  Tyne- 
mo ut iy  is  of  a  very  different  width  and  depth  ; 
fo  that  the  tide  is  more  rapid  in  fome  places  than 
in  otiicrs.  I  he  entrance  into  the  harbour  at 
tile  Lozv- Lights  is  very  narrow  ;  but  the  chan- 
nel  Forms  into  a  fine  large  bafon,  for  the  whole 
length  of  Shields ,  capable  of  holding  above 
two  thou  find  fail  of  large  fliips;  above  which 
tlie  tide  fpreads  over  the  extenfive  fiats  of  Jar- 
roiv-Slake  ;  and  then,  for  a  great  length,  forms 


a  remakably  fine,  broad  and  deep  pool,  called 
the  Long-Reach ,  all  which  contain  an  immenfe 
quantity  of  Water.  After  this  the  tide  is  ofi- 
ifrucled  by  feveral  windings  and  narrow  places 
in  the  channel,  till  it  comes  within  about  a 
mile  of  Newcaftle ;  where  it  runs  in  an  open 

and 
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and  wider  pool,  till  it  flows  about  two  miles 
above  this  town,  when  it  is  a  good  deal  inter- 
rupted  in  its  courfe  by  a  large  if! and,  confining 
of  many  acres,  called  the  King  s  Meadows  : 
After  flowing  round  this  ifland  by  two  narrow 
channels,  and  through  feveral  beauti'ul  wind¬ 
ing's,  it  rifes'a  little  above  the  village  of  New- 

VlJ  O 

burn  :  in  ail  about  (even  or  eight  miles  above 

•  1 0 

Newcajlle.  \ 


The  tides  commonly  flow  about  four  hours 

j 


and  an  half,  and  ebb  about  feven  hours  and  an 
half,  at  New cajll 'e-bridge  :  And  the  perpendi¬ 
cular  rife  of  the  river  here,  in  a  fpring  tide,  will 


fometimes  be  about  eleven  or  twelve  feet,  and 
at  Tynemouth  bar,  about  eighteen  feet ;  but 


both  t-hefe  circumilances  vary  greatly  from  the 
different  winds,  and  the  different  quantities  of 


frefh  water  in  the  river  :  In  a  north-wefierly 
wind  they  will  fometimes  rife  three  feet  higher 
than  I  have  mentioned;  and,  in  a fouth-eafterly 
one,  fometimes  fcarcely  half  fo  high  :  And,  in 
fome  of  our  great  land-floods,  the  tide  lias  not 
fu  flic  lent  force  to  (I  cm  and  turn  the  current, 
which  will  fet  downwards  during  the  whole 
fwcll  of  the  tide. 


From 
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From  this  ftiort  account  we  may  judge,  in 
fome  mealure,  of  the  natural  effect  of  the  tides 
upon  the  water  in  this  river.  For,  by  the  con- 
ftant  and  contrary  motions  which  are  given  to 
the  Waters,  by  the  flux  and  reflux  of  the  tide, 
the  mud  is  ftirred  up,  the  falts  and  other  im¬ 
purities  mixed  with  part  of  it,  and  carried  into 
the  the  fea ;  whilft  that  which  fubfides  in  the 
channel  is  left  unfaturated  with  falts,  cleaner 
from  impurities,  and  readier  to  attradl  and  ab- 
forb  any  frefli  ones  that  may  come  ia. 

The  mud  thus  ftirred  up,  is  indeed  fome** 
times  long  infubfiding;  as,  upon  land  floods 
elpecially,  it  chiefly  confifts  of  a  fine  light  clay, 
divided  into  fuch  minute  particles,  that  a  great 
deal  of  it  will  pafs  through  a  common  filtering 
paper,  and  make  the  Water  a  little  wheyifh  ; 
but  this  will  in  time  feparate  and  leave  the  Wa¬ 
ter  remarkably  bright  and  pure  ;  and  this  very 
inconvenience  is,  for  the  reafons  afligned  above, 
attended  with  a  fjperior  advantage.* 

An- 

*  We  are  told  that  the  Water  of  the  Nile  mud  hand  for 
fome  days,  before  it  become  perfectly  bright ;  and  that  it 
was  a  cuftom  at  Cairo ,  to  rub  the  fides  of  the  veffels  in  which 
it  was  contained  with  a  few  bruifed  almonds,  by  which 
means  it  fubfided  fooner. 
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Another  effetf:  of  the  tides  is,  that  they  may 
fometimes  bring  up  a  little  fait  Water.  In 
fummer  time,  when  the  river  is  lew,  and  the 
influx  of  the  tide  meets  with  lefs  refinance,  the 
Water  will  be  a  little  brackifh  at  Newcojile ; 
but  that  is  only  about  the  time  of  high  water  ; 
for  at  half  ebb,  or  half  flood,  it  has  fcarce  any 
fenfible  proportion  of  fait  in  its  refiduum  ;  and 
in  winter  time,  or  indeed  in  the  neap  tides  in 
fummer,  we  can  fcldom  find  the  lead  brackifii- 
nefs  by  the  tafte.  When  we  confider,  from  the 
above  account,  the  immenfe  quantity  of  frefh 
Water  thatmufl  be  driven  back,  before  the  tide 
can  rife  to  Newcajlie ,  it  will  appear  Arange  that 
any  fait  Water  Ihould  ever  reach  above  our 
bridge.  I  have  often  found  a  fenfible  diffe¬ 
rence  in  the  tafle  of  the  Water  which  was  ta¬ 
ken  up  below  the  bridge,  from  what  was  taken 
up  above ;  the  force  of  the  tide  being  a  good 
deal  broken  by  the  pillars.  I  have  not  indeed 
analyfed  it  in  the  dried:  feafons ;  but  the  day  in 
which  I  am  writing  this,  I  tried  the  fpecific 
gravity  offomeofit  which  I  took  up  at  high 
water,  in  the  laft  fpring  tide,  after  a  long 
droughty  feafon,  and  found  it  confiderably  hea¬ 
vier  than  any  which  I  had  tried  before;  for  it 

dif- 


I  20 
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differed  from  rain  Water  by  ^  part  of  the 

whole :  whereas  in  winter  it  rarely  differs  by 
Tofo*  1  like  wife,  at  the  fame  time,  tried  feme 
which  I  had  taken  up  at  Shields ,  and  found  it  to 
differ  from  rain  Water  by  above  the  28th  part* 
which  is  heavier  than  moft  of  our  tables  make 
fea  Water  to  be.  Indeed*  from  the  frefii  Wi~ 
ter  which  is  driven  back,  the  faltnefs  muff  dc- 
ereafe  ail  the  way.  as  the  tide  comes  up  the 
channel ;  till,  a  little  above  this  town,  it  be¬ 
comes  quite  evanefeent  :  and,  for  feven  hours 
out  of  every  twelve  we  have  fcarce  any  fait  at 
all,  as  will  appear  more  fully  prefendy. 

Another  effeeff  of  the  tide  upon  this,  and  in¬ 
deed  upon  mofl  navigable  rivers,  is,  the  immenfe 
\ 

fhoals  of  very  fmall  fifhes  which  are  driven  up 
in  the  later  fu  miner  months.'  It  has  been  fre¬ 
quently  obferved  here,  that  a  pint  of  Water 
cannot  be  taken  up  near  the  fliore,  ;  any  where 
within  the  compafs  of  the  tide,  but  it  will  con¬ 
tain  feveral  hundreds  of  them  ;  nay  they  wild 
frequently  lie  fo  thick,  that  we  cannot,  even 
in  very  (hallow  places,  fee  the  bottom  of  the 
river  for  them.  The  Water  which  is  taken  up 
fo  filled  with  thefe  little  animals,  is  indeed  unfit 

for  dreffmg  of  victuals.,  brewing,  or  aim  oft  any 

other 
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other  purpofc ;  for  it  has  from  the  firft  a  fifty 
difagreeable  tafte,  and  very  foon  putrefies :  But 

all  thefe  little  animals  are  within  two  or  three 
yards  of  the  fbore,  and  moftly  in  Hill  water  ; 
for  a  fmall  current  fweeps  them  all  away  ;  and, 
upon  a  frefh  flood  coming  down  the  river,  not 
one  of  them  is  to  be  feen :  Confequently  they 
can  be  no  objection  to  the  fupplying  this  town 
with  Water  from  the  river,  as  the  Water  might 
eafily  be  brought  to  the  pumps  of  an  engine 
without  conveying  any  of  them  along  with  it. 

I  ftall  not  trouble  my  reader  with  a  tedious 
relation  of  all  the  different  experiments,  which 
I  have  made  upon  this  Water ;  but  fhall  felecl  two 
trials,  one  of  which  was  made  of  the  Water  taken 
up  at  half  ebb,  and  the  other  at  high  water* 
when  the  river  was  in  its  mofl:  ufual  hate  :  In 
the  fil'd  of  them  indeed,  which  was  taken  up 
on  the  24th  of  January,  1770,  the  river  was 
rather  more  muddy  than  ufual,  and  I  allow¬ 
ed  the  Water  to  hand  two  days  before  I 
weighed  it. 

Its  fpecifie  gravity  was  to  that  of  rain  Water 

as  1 34^4^  *  1 34^*45  y  the  difference  being 

3  36,  or  nearly  ^  of  the  whole, 

Ito  tafte  was  mild,  cool  and  agreeable. 


It 


r  o  2 


Tyne  Water. 


It  made  no  change  with  the  lixivium  of  tar¬ 
tar,  or  foiution  of  fugar  of  lead;  nor  yet  with 
galls,  fyrup  of  violets,  or  acids. 

A  gallon  of  it  left  upon  evaporation  only 
gr.  4tso6c  of  a  light  brown  fediment ;  which  tailed 
evidently*  though  (lightly,  (alt ;  and  felt  gritty 
betwixt  the  teeth. 

1  he  quantity  of  this  refiduum  was  fo  very 
(mall,  that  it  fcarceiy  afforded  an  opportunity 
of  feparating  the  (alt  from  the  earth,  or  of  try¬ 
ing  any  other  experiments ;  and  upon  fome 
other  evaporations  of  the  Water,  taken  up  at 
half  flood  and  half  ebb,  the  refiduum  was  (fill 
lefs  ;  fo  that  I  looked  upon  any  minute  exami¬ 
nation  of  them  as  trifling  and  infignificant. 

On  the  29th  of  January  1770,  I  took  a 
quantity  of  Water  from  the  river,  at  the  weft 
end  of  the  town,  juft  at  the  time  of  high  Wa¬ 
ter,  in  a  fpring  tide.  The  weather  was  then  dry 
and  remarkably  warm  for  the  feafon,  and  the 
W; ater  much  brighter  than  that  which  I  ufed  in 
the  laft  experiment ;  and  I  think  had  no  brack- 
ifimefs  difcoverable  by  the  tafte  :  But  it  turned 
quite  milky  and  precipitated,  upon  dropping  in 
a  little  foiution  of  fugar  of  lead. 

A  gallon  of  it  left,  upon  evaporation^.  ipT-o6o 
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of  a  light  brown  refiduum,  which  tafted 
very  fait,  crackled  upon  the  hot  iron  ;  made 
an  ebullition  and  white  fumes  with  ipirit  of 
vitriol,  but  no  apparent  change  in  fyrup  of 
violets,  and  attrafted  moifture  very  faft. 

Five  grains  of  it  were,  by  the  hot  iron,  re¬ 
duced  to  4tVo9  but  increafed  again  in  weight  fo 
faft,  that  I  could  not  be  fo  exaft  as  I  could 
have  wiflied. 

After  it  v/as  well  wafhed  in  diftilled  Water, 
it  left  a  dark  grey  infipid  powder  of  calcareous 
and  abforbent  earth,  which  weighed gr.  ip y5^. 

The  fait  was  entirely  muriatic  ;  and  the  cry- 
ftals  when  viewed  through  the  microfcope  ap¬ 
peared  as  in  Fig.  VII. 

The  fait  w^as  in  proportion  to  the  earth  as 
3638  to  1362  ;  fo  that  each  ga  Ion  of  this  Water 
contained  1 4  tWo  grains  offal t,  and  5  of  earth. 

Obf.  Though  this  Water  was  manifeftly 
brighter  than  that  wrhich  was  ufed  in  the  pre- 
ceeding  analyfis,  yet  the  earthy  parts  of  it  were 
more  than  the  w^hole  refiduum  of  the  other  . 
and  I  am  fure  that  they  were  both  collected  and 
weighed  with  equal  care  :  Which  fhews  that 
the  tides  impregnate  the  Water  in  this  river  with 

fome- 


1*4 


Tyne  Water, 

fo'mething  more  than  fait;  or  the  fait  may  pro¬ 
bably  be  a  means  of  uniting  more  earth  with 
the  Water;  but  thefe  fubttances  are,  in  a  very 
little  time,  either  madly  carried  away  or  fpon- 
taneoufly  precipitated. 

Upon  analyfing  feme  Water,  taken  up  in 
another  fpring  tide,  I  only  obtained  gr.  1 2 
from  a  gallon ;  but  in  very  dry  weather,  when 
perhaps  not  one  third  part  of  the  frefh  Water 
comes  down  the  river,  an  high  tide  may  bring 
up  a  larger  proportion  of  fait;  as  indeed  is  evi¬ 
dent  from  the  fpecific  gravity  of  the  Tyne 
Water  taken  this  day.  But  in  general,  or  at 
lead  for  above  eight  months- in  the  year,  it  con¬ 
tains  no  fait,  even  at  high  Water,  that  can  be 
any  way  prejudicial :  And  when  we  confider, 
that  from  half  ebb  until  half  flood,  or  for  up¬ 
wards  of  feven  hours  out  of  twelve,  there  is 
karcely  any  perceptible  fait  in  it,  no  reafon- 
ahle  objection  can  be  made,  upon  this  account, 
again (1  fupplying  the  town  with  it ;  as  an  en¬ 
gine  might  work,  very  well,  above  fifteen 
hours  in  the  day  ;  and  in  that  time,  with  the 
greated  cafe,  it  might  raife  four  or  five  thou¬ 
sand  hog  (heads  to  the  higheft  part  of  the  town. 

The  contents  of  this  Water  are  fo  fmall  in 
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.quantity*  and  in  their  nature  fo  very  inoffenfive, 
that  they  are  by  no  means  worthy  of  confidera- 
don :  And  the  other  objections,  which  have 
been  made  to  it,  are  equally  trifling  and  infigni- 
ficant.  It  has  been  laid  that  it  gives  both  meat 
and  linen  a  bad  colour;  fo  will  the  Thames 
Water,  or  that  or  aim  oh  any  river  in  England \ 
if  it  be  ufed  before  it  has  fubfided  ;  but  feveral 
families  in  this  town  who  keep  it  in  proper  ci¬ 
der  ns  make  no  fuch  complaint,  and  fome  of  it 
which  I  have  now  by  me,  and  which  was  taken 
up  quite  muddy,  is  as  clear  and  bright  as  any 
Water  which  I  know.  The  force  of  the  pumps, 
the  conveyance  through  pipes,  and  the  re  fling 
in  large  refervoirs,  will  all  undoubtedly  contribute 
to  render  it  bright  and  pure.  It  is  known  to 
keep  exceedingly  good  and  fweet  through  long 
voyages,  as  it  has  been  frequently  carried  to 
North- America :  And  what  is  fill  a  farther  ar¬ 
gument  for  the  fupplying  oi  this  town  with  it 
it  is  a  fource  which  can  never  fail,  and  indeed 
the  only  one  which  can  fafely  be  depended  on: 
For  the  opening  of  new  collieries,  and  the  ex¬ 
tending  of  old  ones,  often  make  frrange  alter- 
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ations,  in  the  courfes  of  feveral  fprings  in  this 
neighbourhood. 
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r  f  ^  H  E  ftagnant  Waters  in  lakes,  ponds  and 
A  ditches,  are  generally  efleemed  the  worft ; 
and  by  the  experiments  of  Hoffman \  Boerhaave , 
and  others,  they  appear  to  be  fpecifically  the 
heavieft :  But  wemuft  be  cautious  of  drawing 
too  general  inferences,  even  from  the  reports  of 
thefe  two  great  men  ;  for  Hoffman  tried  the 
fpecific  gravity  of  the  marfh  Water  taken  out 
of  the  town  ditch  at  Hall 3  by  an  hydrometer, 
which  he  tells  us  exceeded  the  common  ones 
and  Boerhaave  draws  his  conclufions  from  the 
lake  of  Harlem  :  f  Both  thefe  Waters  are  very 
impure ;  for  that  at  Flail  was  full  of  infers  and 
contained  a  quantity  of  alcaline  fait ;  and  Boer¬ 
haave  tells  us,  that  all  the  dirt  and  filth  from 
the  populous  city  of  Leyden,  befides  the  my¬ 
riads  of  pounds  of  dying  fluff,  alum,  tartar, 
vitriol,  which  are  mixed  with  Water, 

and  thrown  out  in  whole  floods  from  the 
dyers  veffels,  are  all  emptied  into  the  lake  at 
H arlern  ;  and  the  perfe&ion  to  which  feveral 
colours  are  brought  at  Leyden ,  he  afcribes  to 
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this  particular  Water ;  becaufe  he  fays,  that  the 
dying  of  thofe  colours  has  been  in  vain  attempt¬ 
ed  in  other  places,  though  by  the  fame  work¬ 
men,  and  after  the  fame  manner.  It  is  evident, 
from  thefe  accounts,  that  both  thefe  Waters 
have  fomething  peculiar  in  them,  and  that,  from 
their  fpecific  gravity,  no  general  conclufion  can 
fairly  be  drawn. 

The  W ater  in  feme  of  our  lakes  in  this  ifland 
is,  I  apprehend,  as  pure  and  good  as  mod  of 
what  we  (hall  find  elfewhere.  I  pretend  not 
indeed  to  have  analyfed  many  of  them,  nor  even 
to  have  tried  their  fpecific  gravity ;  but  I  re¬ 
member  well  to  have  drank  of  the  Waters  in 
Winander-mere ,  V Is -water,  and  others  of  our 
large  lakes  in  W ejlmor eland  and  Cumberland , 
and  have  found  them  verv  fo ft  and  good :  And 
I  look  upon  it  to  be  a  flrong  proof  of  their  £1- 
lubrity,  that  fiflies,  of  various  kinds,  are  caught 
in  as  high  perfection,  in  the  two  lakes  above- 
mentioned,  as  any  where  in  the  world  For 
befides  the  numbers  of  that  beautiful  and  ele¬ 
gant  fifin  the  charr,  which  are  annually  taken 
out  of  them,  and  almoft  peculiar  to  them  ;  I 

believe  they  may  challenge  the  world  to  pro¬ 
duce  finer  trout,  perch,  or  any  other  fifh  which 

they 


128 


Of  Stagnant  Waters.. 

they  contain:  And  the  purity  of  Water  will  be 
allowed  to  be  as  necelfary  to  the  health  of  thefe 
animals,  as  that  of  the  air  is  to  ours. 

But  ftill  thefe  are  but  particular  in  (lances,  nor 
indeed  can  thofe  larger  lakes  come  fo  properly 
under  the  denomination  of  ftagnant  Waters  ; 
for,  as  fome  of  them  extend  to  the  fpace  of 
perhaps  ten  fquare  miles,  the  wind  keeps  them 
in  almoft  conftant  and  perpetual  agitation  ;  and 
though  we  find  no  fenfible  current,  efpecially 
in  the  broader  parts  of  them,  yet  they  are  fup- 
plied  by  final  1  rills,  which  trickle  down  the  ad¬ 
jacent  mountains,  and  have  a  fmall  outlet  at  the 
bottom.  But  where  the  ftagnant  Water  is  con¬ 
fined  to  a  narrower  compafs,  and  the  furface 
confequently  lefs  agitated  by  the  wind ;  where 
there  is  no  renovation  of  the  Water,  or  where 
the  fupply  is  only  from  the  drains  of  towns,  or 
the  brown,  and  fometimes  almoft  black  Water 
from  morafles.  the  cafe  is  widely  different : 
Such  Waters  as  thefe  muft  ncccflarily  contain  a 
great  quantity  of  heterogeneous  matter,  and 
will  foon  putrefy.  So  that  I  doubt  not  but 
Hoffman  and  Boerhaave  were  prefcctly  right  in 
their  obfervation  ;  all  I  contend  for  is,  that 
there  may  be  as  great,  or  perhaps  a  greater  va¬ 
riety 
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riety  in  the  Waters  of  lakes,  ponds  and  little 
(landing  pools,  than  we  find  in  fprings  or  ri¬ 
vers  ;  and  that  this  increafed  fpecific  gravity  is 
by  no  means  a  general  chara&eriftic  of  them* 
as  I  (hall  (hew  in  the  inftance  of  the  lafl  Wa¬ 
ter,  which  I  intend  to  examine  at  prefent. 


Gateshead  Fell  Water. 


UPON  the  top  of  Gatefhead  fell,  neir  the 
road  from  hence  to  Durham,  is  a  pretty 
large  collection  of  flagnant  Water,  from  which 
a  part  of  this  town  has  been  fupplied  for  fome 
years:  As  this  is  moftly  rain  Water  falling  up¬ 
on  the  flat,  or  rather  hollow,  top  of  the  hill, 
in  wet  feafons  it  is  generally  very  good  ;  for  a 
great  part  of  its  impurities  are  depofited  in  the 
ponds,  refervoirs,  and  pipes,  and  it  comes  into 
fome  private  houfes,  almoft  as  pure,  though 
not  fo  well  tafted,  as  filtered  rain  Water:  Buf3 
in  dry  feafons,  it  is  often  entirely  loft,  or  its 
place  fupplied  with  fome  coal  Waters  from  the 
neighbourhood  ;  fo  that  it  is  feldom  of  equal 
purity  for  any  long  time  together:  And,  what 
is  ftill  a  greater  inconvenience,  the  refervoirs  are 
fixed  fo  low,  that  the  Water  will  not  rife  into 
the  higher  ftreets ;  upon  which  account,  half 
the  town  is  not  fupplied  with  it. 

The  part  of  it  upon  which  I  made  the  fol- 
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lowing  trials,  was  taken  from  a  cittern  in  a  pri¬ 
vate  houfe,  on  the  2 5th  of  July  laft,  after  a 
wet  feafon. 

It  was  not  very  bright,  nor  quite  agreeable 
to  the  tafle,  but  foft  and  fmooth. 

Its  fpecific  gravity  was  to  that  of  rain  Wa¬ 
ter  as  134826  to  134765,  the  difference  61  be¬ 
ing  about  of  the  whole. 

It  diffolved  foap  very  even,  and  lathered  well. 

With  folution  of  fugar  of  lead,  and  with  lix¬ 
ivium  of  tartar,  no  change. 

With  powder  of  galls,  it  made  a  pale  amber 
colour  ;  and  with  afli  bark,  a  deep  amber? 
when  held  betwixt  the  eye  and  the  light,  but 
when  oppohte  to  the  light,  a  blue  circle  at  the 
top. 

A  gallon  of  it,  upon  evaporation,  yielded 
gr.  8tVo6o  of  an  aili  coloured  fediment,  which 
tafted  auftere  and  vitriolic,  and  attra&ed  moifture 
very  faft. 

Upon  the  hot  iron,  it  melted  and  fmoaked, 
but  without  any  fenfible  fmell.  Five  grains  of 
it  burned  into  a  hard  lump  which  weighed, 
whilft  warm,  3^.  The  earth  wafhed  from  the 
fait,  was  •  perfectly  infipid  of  the  argillaceous 
kind,  and  weighed  of  a  grain. 

The  cryffals  were  unequal  parallelopipeds, 
with  fcabrous  furfaces;  and  all  of  them  which 
.  I  faw  appeared  broken  at  the  ends:  They  are 
exarily  reprefented  in  Fig.  X.  From 
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From  the  whole  it  appears  that  a  gallon  of 
this  Water  produced  of  the  entire  refiduum 
gr.  8t707cc ;  of  which  2TVo4o  were  moidure,  or  vo¬ 
latile  parts,  4, Wo  fixed  faits,  and  iTWo  infipid 
earth  ;  the  quantity  of  each  being  fo  fmall  as 
to  render  it  almod  infignificant, 
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Conclusion. 

I  HAD  once  determined  to  haveftibjoined  fy- 
noptic  tables  to  this  treatife,  after  the  man¬ 
ner  of  Dr  Rutty ,  by  which  the  different  ap¬ 
pearances  might  have  been  exhibited  at  one 
view :  But  as  I  found  that  it  would  have  in- 
creafed  the  book  by  at  lead  a  facet  and  an  half, 
and  would  only  have  been  a  recapitulation  of 
what  is  faid  before,  and  what  the  reader  may 
eafily  turn  to,  if  he  want  to  compare  one  ana- 
lyfis  with  another,  I  judged  it  unneceffary. 

As  this  deflgn  was  originally  undertaken 
for  the  fatisfaffion  of  the  magi  ft  racy  and  in¬ 
habitants  of  this  town,  upon  home  late  pro- 
pofals  for  furnifhing  them  with  Water ;  it 
may  be  expended,  that  I  fhould  fliew  which 
Water  is  the  belt  and  fitted  for  that  purpofe  ; 
but  I  fhall  trouble  my  reader  very  little  farther 
with  thofe  comparifons :  If  what  is  faid  above  be 
allowed,  The  Tyne  Water  is  undoubtedly  the 
bed  and  fitted  in  all  refpe&s ;  and  next  to  it  the 
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.  fprings  in  Weft  gat  e-Rill ,  and  thofe  from  which 
the  fountain  near  Sir  Walter  Blackett’s  is  fup- 
plied.  There  are  feveral  other  Waters  in  this 
neighbourhood,  which  are  well  delerving  of 
the  naturalifl’s  attention  ;  but  I  have  not  as  yet 
had  leifure  or  opportunity  to  try  them  all : 
What  attempts  I  may  hereafter  make  towards  a 
more  complete  natural  hiftory  of  the  minerals 
and  Waters  in  this  neighbourhood,  I  cannot  at 
prefent  fay.  The  great  variety  of  very  diffe¬ 
rent  minerals  which  we  have  in  this  country, 
and  their  influence  upon  the  Waters  are  fubjefts 
which,  from  their  great  importance,  cannot 
be  too  minutely  attended  to.  That  fome  of 
thefe  minerals  are  firong  and  aflive  poifons,  I 
have  already  fhewn ;  and,  before  I  part  with 
my  reader,  I  fhall  fo  far  anticipate  what  I  had 
defigned  for  the  fubjedi  of  a  future  tread fe5  as 
to  inform  him  that  there  are,  In  many  parts  of 
this  country,  great  varieties  of  true  and  genuine 
arfenical  ores ;  that  we  have  the  real  cobalt  in 
large  quantities,  that  this  mineral  abounds  with 
arfenic,  and  that  even  in  its  natural  ftate  it  is 
poifonous.  In  fuch  fituations  the  examination 
of  new  and  unknown  Waters  is  no  light  nor 
trivial  matter  ;  for  the  experience  of  a  whole 
age  is  fcarcely  adequate  to  fo  important  a  de- 
cifion. 
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